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A veling & Porter, Ltd., 
RocHEesterR, KENT, 
and 72, Canyon STREET, Lonpon. 


STEAM ROLLERS. ROAD LOCOMOTIVES. 
STBAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS, 

CEMENT-MAKING MACHINERY. 6030 


arrow & Co., Ltd., 
SHIPBUILDERS md, ENGINEERS, 


GLASGOW. 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
BxoeprionwaL SHattow Dravenr. 


Repairs on Pacific Coast 
by YARROWS, pe ereey Victoria, British 


umbia, 6093 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


les Limited, 
ENGINEERS, IRLAM, MANCHESTER. 
FEED WATER HBATERS, Row’'s 
CALORIFIERS, BYAPORATORS, 7 pyrenrs. 
ea ne MEATERS, 
Merriil’s et a STRAINERS for Pump 
wa er: IA Leaner 6, EDU youre te 
: e ass GUNMBETAL §8 
SOFTENING and LTunING. iss 








A. (;. M2mtord, L- 


CULVER STRBBT WORKS, COLCHESTER. 
On ApMIRALTY AND War Orvice Lists. 


ENGINES for Torpedo Boats, Yachts, Launches, 


BOILER FEED PUMPS. 
See Advertisement, page 33, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FRED REGULATORS. 
And Auxiliary Machinery as supplied to the 
Admiralty. 2179 


Jonn H. Witeon& Co, 144. 


Dock Roan, 
Birkenhead. 


Telegrams : 


Ewatneers, L’poo.. 
Draave, Vic., Lonpom. 








Steam and Biectric 


Cinta, 


EXCAVATORS, CRANE-NAVVIKES, GRABS, 
CONCRETE-MIXEBS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINGSRY. 


—_——— 6770 


London Office : 
; 15, VICTORIA STREET, 8.W.1. 
M arine Water ‘Tube Boilers 
(‘‘ Wurre-Forsrer’ PATENTS). 
- JOHN SAMUEL ‘WHITE & COMPANY, L TD. 
6532 


Shipbuilders and eter aw. 
“Kast Cowes, 


Petter Qi Honeines: 


Manufactured by 


PETTERS Limrrep, Engineers, Yeovil. 
bE, - Soe our Illustrated Advt, every alternate week. 


raig & Donald, Ltd., Machine 
TOO. 


MAKBRS, Jeuyerome, near Glasgow. 
For class of Machine Tools see our Illustrated 
Advert. isement every alt ae week 1358 


heet Vf Mel Gann 
@ART ail ENGIN + a i Pouca co. 


Gicam : “Hamas * vith or 
wi 10 Hand-worked or =| 

TOOLS for SH PBU LDERS & BOILBRMAK REG 
DAVIS & PRIMROSB, LiMsrep, Jase, Boupavecx. 
BR ett’s Patent ‘LT jiter Ce. 


H ammers, Preaoaa. Furnaces, 


COVENTRY. 

Bees Bee & Co., Lid., 
ae it NDING, peruneate ASE sFPRnSRG 
Ob rated oiitenian Steam, 


Bhi ye and HAND, 
sizes. 
alates RUS@ELIE & OO. Lrp. “ia 
Motherwell, ae. ; 























refalione Steel To bes 
Superheaters, 


< ‘= Weter-Pabe 
"gana Mam 





a 


(Sampbells & Htter, L 


SPECIALISTS IN 


Drillers & Boring Machinery} — 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 4547 


Yr2xchts, Launches or Barges 


Built complete with om. Oil ‘or Petrol 
Motors; or Machinery supplied Od 3551 


VOSPER & CO., Lap., Broap hens, PorTsMOUTH. 


fank Locomotives 
Speleqien ond Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & OO., Lop., 
_BNGDVEERS, NBWOASTLE-ON-TYNE. 6450 





Ye MULTITOBULAR ‘AND 
(Nochran CROSS-TUBEK TYPES. 
Bollers. 
See page 105, May 10. 6455 
ocomotives, 


Builders of 
HBAVY and LIGHT. 
All Gauges and Types. 
Address: Ex: ment, 
ek. PORTER 60., 
1%, Place, New York. 
Or R, 8. COTTRELL, 
3, ee Wall Bidgs., London, England 


Cabl PAPELY, NEw YORK. 
New Cstalogue 12 A maited on application. 


R. P)empster & Sons, Ltd., 


ELLAND, YORKS. 





6560 





Telpherage & Conveying Plants 
See Advertisement page 131, May 10th. 


‘as and Oil Engine Repairs. 


—H. J. DAVIS & GO., wo Bastern Road, 


Stratford, B. 15. 
Tel. : 736.and 1737 Stratford. 


Gram. : Rapidising, London. 


“Qripoly” 


MACHINE BELTING 


_1704 








. 


F[lubes, Iron and Steel. 
Edwin Lewis & Sons, Ltd., 
Wolverhampton. 


Tubes and Fittings, 


IRON AND 
pete and Lords, LL! , 
HAMBBRS, BIRMINGHAM ; 


ey ale 8T.. 
BROAD STRERT 

WINCHESTER OL Broad Srreer, B.C. 
ee WARBHOUS 167,U pr. Te ames 8r., B.C. 


6408 


and LONDON OFFicn 
RPOOL WARBHOUSE—3, PARADISE Sr. 
MANCHESTER WAREHOUSE—%4, DEANSGATER, 
CARDIFF WAREHOUSE—132, Bure Sr. 
BIRMINGHAM WAREBHOUSES—Nue Srreer, 
Sueepscore Street, and 10, CoLESHILL STREET. 
6462 
CARBON 


See Advertisement ‘page 28. 
0° lants saeeer | 


for Chemical & Mineral Water Mirs. & Breweries. 
Reap & CampBE.t, Ltd., 100, Victoria 8t., London, 
S.W. Telegrams—"* Valorem, London.” 


0? ire HH xtiacteurs 


for Publicand Private Bldgs., Electric Railwa dor} 
THe Batrisy Free APPLiaNoes Co.,Ltd. 109, V 
St., London, 8.W. Telegrams—** Nonacid, london.” 


(\rittall, (irittall. 


CHEMICAL ANALYSIS. 


Physical Tests. 

Microscopical Examinations. 
Heat Treatment & Pyrometer 
Tests. 

Critical Range Determinations. 


SoaLe OF FEES on APPLICATION, 
THE CRITTALL MANUFAOTURING OO., Lrp., 
BratntTres, Essex. 
Chief Metallurgist, H.S. PRIMROSE. 














(jrittall. rittall. 
6657 
epar rators 
RXHAUST "STEAM 
AR ES cCOM- 
a R, &c. 
Ho DRYERS, 


METALLIC PACKINGS. 











Y 2trow Patent 


_ sen tube Boers. 


6004 

YARROW & OO., UNDERTAKE the 

PRESSING and MACHINING of the various —_ 
of Yarrow Boilers, such as the Steam Drums. 

Pockets, and Superheaters for British and Poreign 

Firms not having the necessary facilities. 

YARROW & CO., Lrp., Socorsroun, Giaseow. 


-j ohn Bellamy Limited, 


MILLWALL, LONDON, 8. 
Geyerat ConsTrucTionaL Byetverns, 1216 


Boilers, Tanks & Mooring Buoys 

Sriiis, Perrot Tanks, Arm Receivers, STeE. 

Curmyeys, Riverrep Stream and Verrinarine 

Pipxs, Hoppers, Sprcian Worx, Repairs oF 
ALL KINDS. 

RAI Y AN RAMWAY RO 


HH Nelson & (Co. L 


Tue Giascow Rou.ine Srock aND PLANT bap 
MOTHERWPFLL. Od 3383 


H=4 W nehtson & Co. 


LIMITED. 








See Advertisement page 48, May 10. 


Matthew p= & (Co L. 


Lxvexrorn Worxs, Dumbarton. 6054 
See Fall Page Advt. page 58, May 3. 


[\eylor & (thallen 


Presses. 
8106 


TAYLOR&CHALLEN, Ly., Engineers, BinMingHaM 
See Full Page Advertisement May 3. 


Steel (jestings. 


THOMAS SUMMERSON & SONS, Lrp., 
DARLINGTON. 








6200 


‘Ash Ej ector. 


No noise. eg e No 
Fe ciget of versal. —Apply, 
R, Lev. —. 

tear Blags., BE Oa ab 


= WBE WERE 
ee 8 
Sis see 
F. *. TREWENT & 


tects and bene bj rt 
London, 8.0. 


RRpbber 





MANUFACTURERS. 











s 


- Mpubes and oa ines 
The Scottish Tube Co., Ltd., 


Heap Orrice; 3%, Robertson Street, Glasgow. 
See Advertisement page 83. 








FROM 50 TO 600 YARDS PER HOUR, 


D. 








FOR : 
ae he rinceps & Co., Conveyor Belts 
D riving : 

N ew Chicago Automatics.| curra puacna s RUBBER, LIMITED, 
° Three Sizes, Delivery from Stock. sem aad oo 
C onveying NEW CAPSTANS. 1 tu, torsugh Ung cise teea, [ew MEDAL -Invmmrions eg ocean 

ee ee uckham’ s Patent Sabe 
ROAD ENGINHERING WORKS OO 
. JOHN MAONAB, Mary Srreer, Hypz. 

, ’ , B—H ile Oranes, Grain Mlevatore, ke 
Fy levsting Tel. No. : 18 Hyde. eave | "do ities haves lam week page Ib, ath 

‘ OHANTIERS & ATBLIERS . 1. _ Bar & Rop 

: tin - N ormand ‘ 4. cmplayed ton— 
SoLe MANUFACTURERS ugus 1 nea swirenbe sn 
F0 um ‘ BATTERY 
Lewis & Tylor, Ltd., (1, res 66 Parsep—18 RAVES CONNECTIONS, 
aang 2890 | 8462 piney 
ere, T Boats, Yachts and Fast Boats. 
CARDIFF. 6668 and Submersible Bos’ THE BRITISH ALUMINIUM QO., Lrp., 
Loxpon. MANCHESTER. Guaseow. NOKMAND'S Patent Water tbe Batre, C Goal at} 109, Queen Victoria St., London, B.O. 4, 
“Iron end Steel Pixcevators. B. & S. ieonsont 
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[ihe Manchester Steam Users’ 


ASSOCIATION. 
For the Prevention of Steam Explosions and 
for the Attainment of Econom re the BA peau 
of Steam. 9%, Mount a 
Chief Engineer: ©. B STROMBYER, M.1.0.B. 
Founded 1854 by Sir Wetter FarRBaran. 
Certificates of Safetyissued under the Factory and 
Workshops Act, 1901. 


and Boilers inspected during construction. 


nat. O.E., L Mech.E., BRe, 


porns © ag gage 
ip ae a 


M. 
R.Gan.I., ‘PREPARES © CANDIDATES 
= AB correspondence. Hundreds o 





successes. 
may confmence at any og vw 
&t., oan Weetetacher 8.W. 


A MLC.E. and AMALIE. 


F Tuitien. Also Postal ae — 
Alroraft Design « matics,— 
PUNNINGFONS, 254, Oxford Road, Manchester. 
TENDBBS. 


The SOUTH ier 8 yy ee WATERWORKS 
OMPANY invi 


(fers for the Tarasek 


PUMPING ENGINB at their Wood Green 
Station near Walsall. The steam cylinder is.60 in. 
diameter by 10 ft. stroke, and pump, double-acti 
18 in. diameter by 9 ft. stroke. The offer to inclu 6 
taking down and removal. There is a railway 
siding on site. yeni a to view eo 

Bf ta M, Inst. 0. 
neer, 
Parad 
Birmingham. 


Sale by Tender of Certain 


valuable surplus OOLLIERY PLANT, con- 
sisting of Sinking and other Pum 
ds 19/12 Bare Copper Cable, about 

ae be Boilers, 
Wy acm, or any Tender not necessarily 

















about 550 
tons various 


oe cher Bysieaiere may be had upon application 
to C. O. WISBB, Esq., care of Hays, Akens & Hays, 
1, Qyeen Victorte Street, London, E.C.4; or to 
G. pe G. WARREN, Eseq., Mining Bogineer 
Manordilo, Carmarthenshire. 420 
fT) ENGINSERS, CHEMICAL MANUFAC. 
TURBRS AND FIRMS INTERESTED IN THE 
ELECTROLYTIC DBPOSITION OF COPPER. 


r . 
Fa Sale, by , Tender, certain 
PLANT, APPARATUS, and MATERIAL 
recently used by Shell Bands, Ltd., Hlectricity 
Works, Portslade, Sussex, in the manufacture of 
3°3 copper shell rin by electrolytic process, 
includ ng extra high tension Switch Gear, one 
260 K.W. Transformer, 8000 to 400 volts, two Dynamos, 
= amperes each at 60 volts pressure, various 400 volt 
A.C, Motors, two Bryan Donkin Compressors, twelve 
sets of special Spinning Gear for rotating mandrels, 
together with sundry smaller Mechanical and 
Riectrical Appliances. Catalogues and orders to 
view can be obtained from the iver, A, DUDDS 
FAIRBAIRN, Keq., Chartered Accountant, 67, 
Watling Street, Landon, 1 B.C. 4 4. L46 








APPOINTMENTS OPHN. 


rpthe Admiralty are open 
to receive applications from gentle- 

men for Comunien ons as Lieutenants in 
the ROYAL MARINE ENGINESRS. 

This Branch of the Royal Marine Corps has been 
formed with a view_to the rapid execution of Civil 
Kogineering and Constructional Works. 

ndidates should have previous practical ex- 





Compensation for Damages | to 
and Liabilities paid in case of Explosions. aoe : 


9 F- f. Towa 
DATES par m. 7-51. must be sent not later than noon on Saturday, 8th 


467 | more imj 


COUNTY BOROUGH OF BARROW-IN-FURNBSS 
TECHNICAL § SCHOOL. 


Appl lications at are Invited for 


vacant ts of — 
iworonins 1 in BNGINBERING at the abo 
School. Th fut sro a | aren 


to to duties, previous and co 
obtained from the DIRECTOR OF EDUCATION 


, Barrow-in- Furness, to whom applica 


June, 1918, 
By Order, 
L. HEWLETT, 
Town Clerk and Clerk to the 
Town Hall, Local Bducation xaeame, F" 
15th May, 1918. 478 


MUNICIPAL TECHNICAL SOHOOL, 
LONDONDERRY. 





The Technical Instruction tion Committee require the 
Services of a Lecturer in 


Mechanical Bagineering, to commence dubies 
in September next. Salary £160 per annum. Forms 
of Application and further information may be ob- 

tained from the PRINCLPAL at the School. Forms 
ot Gay dah dune, 19 must be returned on or before Thurs | eres 


th June, 1918. 
J, A. WILLIAMS, 


ol Tee kl 


— pew Se ee 
nspection peer 
po cod detail of out . 
paid to the right man. 

on Government work wi 





Required 
capable of hand- 
‘aavieg office, and 
Good salary will be 
— at mn a “aoe to 

your nearest BMPLO 


rust " OhaNGd os mre n- 
{oning this Journal and L 


(Chemist Required, for Large 

Motor and Aeroplane meeneneing concern, 
must be used to the analysis oe n an 
alloy steels. One pa experience in ether engi- 
—_ materials No = ng Range 
ment work —A ply, sta 


omderet. 
Fovitant MXOHANGM, ‘que qu 


Lay, Assistant Chemist 


WANTSD in n Rugby 4 om tee ae passed 
either Inter.B,Sc., full , or Inter.A.I.C. exam- 
ination; Organic and Inorganic Aaalytioal work, 
Organic includes large ety of Insulating and 
Electrical Engineering materials. Opportunity for 
progressive experience. Several lady chemists em- 
x fey No be 2 already on Government work 
ed.—Apply, giving tHe EOY MN of 
testimonials, to — nearest Po 
BKCHANGB, quoting No. A 528 


Shop Supareitendenit W sated, 


for a large Aircraft Factory in Yorkshire. 
While some epoutedge 





our i. EM- 
g reference No. 
L 249 





of aircraft construction is 
essential, discipline and organizing power are even 
portant. No person already engaged on 
Government work will be ae og —Reply, giving 
heer rience and salar uired, to your near 
PLOYMENT BXC AN E, mentioning this 
Journal and L 291. 


See 


1 | out nal 


| Dig ea ees 
pg am ane and salary required, 


GINEERING. 


Mechanical Engineer or 
h 


Capable stint 


eee 


required, L 313, 





Roltiay Mn wile 
training 


Git, quoting No. A 626 A 20s. L317 


ngrena omega T= oe Automo- 
BILE DESIRE s’adjoindre INGENIEUR 
SPECIALISTS ayant une —- pease 
sérieuses réferences pour fabrica’ 
dengrenages silencieux ane hélicoldaue 
coniques pouvant se charger de l'étude et de a 
direction de la fabrication a l'atelier. Toute 
rémunération peut étre en 
corresponde & des capacités rée 
ex snap ee Références Ly og 
resont exigées.—Priére écrire 4: MAYS SMITH, 
~_ Se 16, St. James’ Street, vonitsa6 | 2) 


Weaies for Automobile 


i ced BNGINEER SPECIALIST, with 
nd high references for 

ating of "Silent Gears—s > bege! 

bevel; able to take care of design a: 

facture. Any will be considered for the he right 

man, provided a <ee is really Dang Ee — 

a thorough knowledge of the work. 

references required. — Please write to MAYS 

SMITH, Bank Buildings, 16, St. James’ —_ 

London, 8.W. 1. 


to| YV anted Immediately, Engi 


NEER to Re-arrange the Lay-out of ~4 
in large shop devoted to High-class Steam Engi 
cass®.— Apeiss givag now end. 5 wile Son 
side — Apply, re! age and pa 

evious ex y Rerienee, to your nearest BMPLOY- 
ENT RXCHANG queling No, A 5228. L 343 


[ihre Thoroughly Competent 


and energetic Assistant ERINTENDENTS 
required for production department of a large firm 
on aeroplanes, or any 4 engines and 
similar work. No one alread Govt. work will 
be considered.— Applications vited from persons 
having had a thorough training in progress and 
stores organisation of an intensified character, 
@iving full particulars of experience, names of firms, 
complete addresses for references — = and "te, 
required, to THE AUSTIN MOTOR CO., 
or 


Wanted, Two Good Capable 


ELECTRICIANS, must have had ex- 
perience of bells, telephones, and lighting. Plant 


supervision essential.—A , statin references, 
to pone nearest nuPLOYMunt bxCHaNen, 
quoting No. A 5309. FE ems ames employed 




















on Government work on 


Steelworks Manager Wanted, 


ood man with engineering experience, to 
take fail charge.—Apply, statin, Pha ence, salary 
= — and when free, “ALP Wo. PortTEous 
., Advertising Agents. Glasgow. 








(Merks Required for Purchas- 


ing Department, with experience of com- 
mercial side of aeroplane manufacture, supplies, &c. 
No one at present saqmyen on Government work 
we be ert -—Apply to your nearest EMPLUY- 

HANGE, mentioning this Journal and 


perience on Civil Engineering Works and b> capable L263. 


of setting out work and controlling meu. 

Candidates up to 50 years of age will be con- 
sidered, but those under 35 should be in a lower 
Medical Category than Grade 1 

Pay and Al “yg se will beat the rates authorised 
for the Royal Engineers, and the usual Outfit 
Allowance will be granted. 

Applications, with copies of testimonials and 
particulars of experience, should be addressed to 
the Civil BEngineer-in-Chief, Admiralty, S.W. 1. 

The top by = corner of the envelope to be 
marked ‘ L413 


me CLUE BDUCATION CUMMIIi Na. 





The Committee are prepared to receive 


‘A plications for the Post of 


INCIPAL of the Techuioal School, with 
which will be combined the duties of Head Master 
of Junior Technical School, which latter is proposed 
to be opened in September next. 
Applicants should possess a University De, 

or ite equivalent. Preference will be given tot 

a practical experience in Engineering. 

= her particulars oan be obtaimed on apptica- 
on. 


Commencing salary £390 per annum. 
Applications, endorsed *‘ Principal,” should be in 
the hands of the undersigned not later than Noon 
on Monday, June 3rd next. 
8. MILtS. 


ecretary. 
Council Offices, 

Radcliffe. s near Manchester. 
May iéth, 1918. L 441 


UUGH O IDL O 
EDUCATION COMMITTEE. 


The SA po Education Committ invite 


A Pplications for the followin 
STS for TEACHERS in a Junior Techn’ 
cal School to be opened in Au 

Head Master with B.Sc, in 
£275 _ £16 War Increment). 

Assistant Master (Physicsand Chemistry). Salary, 
2180 yp aed £16 War Increment). 

tant Master (Hnglish and Mathematics). 

Salary, £180 (with £16 War Inorement). 

Assistant Master (Woodwork). Salary, 2180 (with 
ag War Increment). 

Applicants should state in detail thelr educational 
ualifications and their educational experience in 
echnical School work, and before making — 

application should write for a “ Report” 
with the new School. Last day for Bo 
applications, 5th June, 1918, 3 
EMMERSON meen, 
Education Offices, Middlesbrough. — 
13th May, 1918. L 455 


st next. 
ngineering. Salary, 


(Merk, , Chief and Assistants, 


REQUIRED for Progress and Plannin, 
Department of mew aeroplane factory, with ing 
Sie 


ence of graphics, yo ey * schedules, 
No one at present employed on Government 
work will be engaged .—Ap 
EMPLOYMENT CHANGE, 
Journal and L 264. 


to your nearest 
mentioning this 
Chief Assistant Required for 
a. Machine Testing for large 
works in the Midlands. Technica 4 and prac- 
tical AR Aid, essential. No person already 
engaged on Bey ene work eg be engaged.— 
etails o it work, to your nearest 

iat Stan AN M 





Mechine Tool Draughtsman 


REQUIRED for special tools. Good oppor- 
tunity for a really smart man. Controlled factory. 
Reply, stating qualifications and salary. No one 
already on Government work need apply y.—Apply 
your nearest EMPLOYMENT EXCHANGE, men- 
tioning No, A 5327. L 475 


D™ raughtsmen. (Electrical) 


NTED for the Mid is; preference 
ven Ay pe with experience in the design of 
.C, and A.C. Machines re et gears -— Apply, 

em | ating FOE rience an POHANGH, mo to your 

PLOYMENT RXCHANG mentioning 


rate paper and No, A. 4895. Nobody engaged on 
Government work will be engaged L 474 


[rool and Plant Draughtsmen 


REQUIRED for urgent aero and motor work 
in progressive Midland works. Permanencies for 
live interested quick men with initiative and 
ability. No aw yaar eyo on Government_work 
pT one Apply ly to your nearest EMPLOY- 
MENT E NG Sy tibetan No. A6316. L477 











ENT EXCHANGH, mentioning Re 
Well-known Engineering 
Firm in the south of En sa REQUIRE 
the SERVIOHS of an ASSISTA ORKS 
SUPERINTENDENT to take ear. of night 
ts. Must kave a knowledge of works routine 

and have had experience in the handling of taboar 
(male and female). If applicant called u to do 
any day-work he will have to supervise all outside 
z work eens Seen = — De : ment. 
ms from discharged officers will be con- 
sik eredt No one already engaged on Government 
work need a ply — Write, stat ng salary required 
and ina Sova ! details of TANG, soon , your nearest 
BXCHANGH, mentioning _ 
aay Manager.—Wanted 
immediately, FIRST-CLASS MAN used to 
oe heavy high-class Engine work in loam, 
and green sand; modern up-to-date pe 

ee eerank we Noceenmees work consid 
%, rough your OYMENT Bx. 

and rik » 

ng — 4 giving age experience, quoting 


| | nder ‘Managers and Foremen 
an seroplane assembling 
works now construction. Previous experience 
desirable a oe No one at present 
emp! ment work will be ant he. 
A % to your nearest HMPLOYM x- 
c BR. mentioning this Journal and L 266. 
()"ganiser Required to Prepare 


through a scheme of traini 
workers for Candabting § of aeroplanes. Live en 
Exchange methods and age yg men and 
one at oa mehees on Govern- 


— work wll b be Swany, 
manihoniag tune 


400 | ten miles away need apply.—Address 














LOYMBNT 
Soamarect L 267. 


‘| Engineering work and 


ee eee ee Also 





Praughtsman Requ uired for 


Hlevator and Mey od m ; the post is 
— a war-time position but permanent to the right 
No person resident more than ten miles pvey 
or or olttady on Government work need apply a ¥; 
Box boi a and salary req 
Box T. B. Browxe’s Aavertising ‘Ottices, 
163, Queen Victoria Street, B.O. 4 L 


Dtaughtsman Wanted with 


sound mechanical Engineering knowledge | * 
and train 
present on 





. North London District. No —= at 
vernment work or resid! more than 


Offices 
of ENGINEERING. at 





(Civil Engi Sia, ir Sore Draughts- 


MEN REQUIRED, for ment on in 
Fifeshire ; one with good perience in Gesigeing 
structurai steelwork and teats obenretes the others 
to have a good general experience of general Civil 
5 to be quick and accurate 
urveyors. 


y 
Must be ‘ineligible for Military Service 
Applications, statin with copies and qualifi- 
cations, salary requ ‘wit -* ago 
testimonials, to be addressed 5 
Witpines, 125, Strand, kaon. w.c * ald 


Siuatansteveral Men 


TRED for Mechanical E 
ed Factory in Midlands. 





Textile or Printing 

eésentia several good Ege f 
wil} bo engaged.—Apply, sts 

: uired. 

A 3081. 





-EMPLOYMENT 


able and Ex xperienced 


aj 
CB Praconsaan and Ww. for Jig and 
repetition work, near 
png © person already on 
will be engnged Apply, 


and sal: © your nearest 
CHANG P eeelientine No. A 5160. 


anted, rienced and 
Toot D 

iaaee pant experience t DEAUGHTSMA N, 

ture. London District. One won paresn ~~ on 


Government — — be static 
age, salary and full oulers ot experience é 

T EXC GE, aon 
L 256 





your nearest EMPLO 
tioning No. A 3929. 





sito Dine cnsses CHARGE of Coal Bes .s 


mE coe —Full 
es of 


Dp zghtamen. .—A Controlled 


Bstablishment in the West Riding of York- 


high priorit 7) 
BQUIRE the the Sinvfous of 8 competent MAN’ 
ence in General 


nee “~ 
werk; s Aon eg MAK medium ring 
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THE DEFINITION OF HARDNESS. 
By W. CawrHornE Unwin, LL.D., F.R.S. 


Bryonp doubt the various methods of determining 
hardness have been most useful in the workshop. 
But there is a general impression that hardness 
numbers give arbitrary and relative values only. 
Certainly that is so in the case of the mineralogist’s 
scratch test, which shows that one material is 
harder than another without any indication of the 
quantitative difference. So much is this the case 
that physicists throw doubt on there being any 
quality of hardness capable of definition. The 
commonsense engineer’s view is that one material 
is harder than another if it indents it when pressure 
is applied. Osmond defines hardness as resistance 
to permanent deformation and it must have some 
relation to the yield-point of a material. For sixty 
years some form of indentation test has been used 
in discriminating hardness. In France a monkey 
or hammer, faced with a hard steel pyramidal or 
conical point, was dropped from a known height on 
the specimen. The reciprocal of the width of the 
impression was taken to measure the hardness. 

In 1895 and 1900 Lieutenant -Colonel Martel 
communicated two very interesting and valuable 
papers to the Paris Congress on testing materials. 
He used the falling monkey method, with various 
forms of indenting points, and various heights of 
fall. He established conclusively that the work 
expended in indentation, notwithstanding these 
variations of the conditions, is proportional to the 
volume of the indentation. 

If V is the volume of the indentation, P the weight 
of the monkey and F the height of fall : 

P 
D = — 


7 


is constant for any given ductile material. Then D 
in kilogramme-millimetre units is Martel’s hardness 
number. 

It is easy to see that D is the amount of work 
necessary to cause a cubic unit of indentation and 
is independent so far as the tests go of the form of 
the indenting body. 

Further, a few tests were made with a gradually- 
applied load and the same law was satisfied, except 
that D was about 20 per cent. less in the case of a 
gradually applied load. Probably this was due 
either to there being some loss of work in vibrations, 
&c., in the impact tests; or to inexactness in 
determining the work expended in tests by a 
gradually-applied load. 

About 1900, Brinell introduced the ball indentation 
test now so extensively used. The standard ball 
is 10 mm. diameter and the load 3,000 kg. The 
load must rest on the ball for some seconds till the 
indentation is complete. If P is the load and A the 
area of the spherical surface of the indentation, 
then Brinell’s hardness number is : 

H=? 

A 
kilogramme - millimetre units. The reason for 
dividing P by the spherical surface of the calotte is 
not obvious and it is not known that Brinell has 
given an explanation. 

Let the annexed figure represent the Brinell ball of 
radius r, C ED the indentation of depth h at any 
instant, AE B the indentation of depth h,, when 
the indentation is complete under the load P. Leta 
be the radius of the circle CD, and a,, that of the 
circle A B. 

When the indentation has reached a depth h, 
the pressure on the area C D will be : 

kwn@=nak(2rh — h2) 
where k is the intensity of pressure under which 
the material yields or flows in the conditions of the 
test. Let the indentation increase to h+ dh. 
The work expended will be 
rk(2rh —h%) dh 

or as h is small compared with 2 r, the work is : 

2rkrhdh 
and the total work expended in indenting to a 
depth h,, is : 

*hy 

hdh=wkr hi 

Jo 
_ The case of a deep indentation need not be con- 
sidered. 


2karr 


The volume of the spherical calotte A EB is 
ma rh,®. Hence Martel’s hardness number is : 

Da ter 

Tr h2, 
When the indentation is of depth h,, the pressure 
on the area A B is: 
P= kw ar = wk(2rh, = h®,) 
or, neglecting h,*, as before : 
P=2rkrh, 

The spherical surface AEB is 27rh,. 
Brinell’s hardness number is : 


k 


Hence 


wkrh, 
rrh, 


H = =k 
Consequently : 

D=H=k 
and hardness of a ductile material may be defined 
as (a) the work required to indent unit volume, 
or (b) the ratio of a steady load to the spherical 
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(5482) 


e---=- 7 








surface of a ball indentation, or more generally and 
simply the intensity of pressure on the area AB 
of the surface indented at which the material yields 
or flows in the conditions of an indentation test. 
That is when the flowing molecules are surrounded 
by less strained material. 

As far as the author knows the identity of Martel’s 
and Brinell’s hardness numbers has not been pointed 
out before. Martel’s papers seem to have been 
neglected. Here are some of Martel’s figures 
obtained by the falling monkey test :— 


Firth diamond steel D = 
Tempered in oil ... 613 
Untempered — inte 460 

Martin steel, tempered in water 416 

Gun steel ove ass oe 300 to 455 

Wrought iron ... ee 226 


So far as the quality of the material can be 
guessed, these numbers are such as would be given 
in a Brinell test. 





SCIENTIFIC SIGNALLING AND SAFETY 
AT SEA. 

In the British Admiralty pilot and sailing 
directions still extant the sailor is informed that 
there is no help in a fog, save unreliable fog 
signals and the use of the lead. “Sound is con- 
veyed in a very capricious way through the 
atmosphere. Apart from wind, large areas of 
silence have been found in different directions 
and at different distances from the signal station, 
in some instances even in close proximity to it. 
The mariner should not assume that, because he 
fails to hear the sound, he is out of hearing distance ; 
that he is at great distance, because he hears the 
signal faintly ; that he is near it, because he hears 
it plainly; that the signal has ceased sounding, 
because he does not hear it; and that the distance 
and the intensity of the sound on any occasion are 
a guide to him for any future occasion. The lead 
is generally the only safe guide in fogs.” These 
words were quoted by Professor John Joly, F.R.S., 
of Trinity College, Dublin, in introducing his two 
Tyndall lectures on “ Scientific Signalling and Safety 
at Sea,” delivered at the Royal Institution on 
April9 and 10. Much that Professor Joly advocated 
in these lectures, which we abstract, is still in the 
experimental stage. That it remains in that 
stage, in spite of scientific progress, is largely due 
to the war, and in general due to a justified con- 





have been restored, however, many promising sug- 

gestions will have to be thoroughly tested, and the 

antiquated navigation rules consequently revised. 

More is at present done for the comfort, than for 

the safety, of passengers at sea, and some of the 

means suggested for increasing safety depend upon 

devices already in use for the transmission of news. 

Dealing first with recently introduced coastal 

signals, Professor Joly remarked that the Admiralty 

directions he had quoted were not intended, of 

course, to imply the worthlessness of aerial sound 

signals. But recent advance in science had supplied 

additional safeguards, in the first instance “ syn- 

chronous signals.” When we saw the flash of 
lightning, and heard the thunder two seconds later, 

we concluded that the storm was 2 x 1,100 ft. 

away, since sound was propagated at 1,100 ft. per 
second. If the Dover express travelled at 40 miles 
per hour, it would reach London, 80 miles distant, 
in 2 hours. To a certain extent a man in 
London could follow the progress of the train, if 
a friend in Dover sent him a signal when the train 
left, and again at intervals of 15 niinutes ; when- 
ever he heard the signal, he would know that the 
train was 10 miles nearer London. In this way the 
sailor could benefit from synchronous signals without 
the aid of a stop watch. If a lightship near shore 
discharged a gun and at the same moment gave 
a light flash; hearing the report 34 seconds after 
seeing the flash, the sailor would know that he 
was somewhere on a circle of radius 34 x 1,100 ft., 
and the flash would give him the bearing of the 
station. But the flash might be obscured by 
fog and rain, and the sound was difficult to pick 
up in stormy weather, while there were the 
“zones of silence ” already mentioned. The 
sound waves seemed to arch over certain areas, 
and would thus travel on indirect, longer paths, 
conveying a wrong idea as to distance. Yet the 
simple aerial signal should not be condemned any 
more than lighthouses were. Automatic bell buoys, 
common on our coasts, were often combined with 
occulting lights. The bell rocked up and down 
with the motion of the water, and a horizontal vane 
beneath the bell oscillated and compressed, through 
a ratchet, a spring which was finally released and 
actuated the hammer. Even in the calmest weather 
three or more strokes might be given per minute, 
not at regular intervals, but fairly of the same 
intensity, and the number of strokes could be 
limited to, say, three per minute. When a light 
flashed up simultaneously with the stroke, and the 
flashes were spaced to follow one another at intervals 
corresponding to a sound-propagation of one cable 
(0-1 nautical mile) i.e., at a little more than half 
second, then the sailor, counting the flashes between 
consecutive bell sounds, would see a second flash 
after the sound had travelled one cable, and a 
tenth flash, after the sound had travelled 9 cables 
and so on, and he could thus ascertain his distance 
from the buoy without the use of astop watch. This 
was valuable for small craft not equipped with 
signalling appliances. 

With the aid of radiotelegraphy and submarine 
signalling, these devices could be much perfected. 
As sound travelled in water at the rate of 4,800 ft. 
per second, the submarine bell-siroke would lag 
behind the radio dot by 1-2 seconds for each nautical 
mile traversed, if the signals were simultaneous ; and 
simultaneous air and water sounds would differ by 
4-3 seconds per nautical mile traversed. The rate 
of propagation of sound through water had really 
been determined on these lines by Collodon and 
Sturm in 1826, in the Lake of Geneva—the bell 
stroke ignited some powder, and the sound was 
listened to in a trumpet immersed in the water. 
Divers were well aware of the startling audibility 
of sound under water. Experimenting years ago 
off the Dublin coast, on means of ascertaining the 
depth of the water under a moving vessel, Professor 
Joly had observed that the explosion of a small 
cartridge containing 4 oz. of gunpowder, fired at the 
bottom of the sea, was easily perceived a mile away 
in open boats (unprovided with any form of sound- 
receiver) as a blow striking the bottom of the boat. 

The modern submarine bell (Fig. 1),* now largely 
used, is made of bronze ; it weighs 220 lb., and 


* We are indebted to the Submarine Signalling Com- 








servatism of the sailor. When normal conditions 


pany for two of our illustrations. 
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has a period of 1,215 vibrations in water. The 
striking mechanism is contained in the cylindrical 
casing above the bell. The bell is suspended by a 
chain at a depth of about 18 ft., and the cylinder is 
fed with compressed air from a reservoir on shore or 
on the lightship, which is kept charged by an 
engine. The United States tested five of these 
bells for 51 days of continuous ringing (at intervals 
of 6 seconds) in 1906; their introduction into 
England had been slow, although the Admiralty 
had reported favourably on them in 1906. For 
use on the sea floor the bell is generally provided 
with electric power, and suspended from the apex 
of a steel tripod, 25 ft. high and weighing 3 tons, 
down to depths of 25 fathoms (at the Stack Light- 
house, Holyhead, e.g.). The ordinary submarine 
bell-buoy is operated by the waves in the way 
above indicated; the whole mechanism is housed 
in a boiler plate receptacle beneath the buoy, which 
is open below, only the bell itself protruding ; 
thus the mooring chain cannot foul the bell or its 
mechanism. 

Passing to sound-receiving devices on board, 
Professor Joly said that at first these devices had 
been towed astern or been attached to the outside of 
the ship; but it had been found that listening to the 
acoustic vibrations which the ships’ walls picked up 
from the sea was most effective. A small cast-iron 
tank was screwed to the inner wall which formed one 
of the sides of the tank; this tank should be low 
down in the water. The tank was filled with 
water, and two microphones were immersed in it, 
one more forward than the other; there was one 
tank on each side. Wires from the microphones 
passed up to the bridge, and the two receivers, one 
on each ear, were connected with the fore and the aft 
microphone of the same tank ; by means of a switch 
the observer listened alternately to the microphones 
on the port and on the starboard. When the source 
of sound was right ahead, both telephones would 
speak equally loud ; when the sound came from the 
port side, that sound would predominate ; when the 
sound came from aft, the telephones would not 
respond except at close distance ; that was partly 
due to the disturbance of the water by the pro- 
pellers. To ascertain the bearing of the bell more 
clearly the ship was swung. The best position for 
the tanks was forward in the bows ; but it depended 
upon the ship lines, and the most suitable position 
was determined by experiment. 

Though the combination of submarine signals and 
radiodots was the least liable to failure, it was not 
the most sensitive method, and its use was practically 
restricted to large high-speed vessels which required 
to determine their position within half a mile or less. 
If the dots were sent at intervals of 0-6 second, the 
bell stroke would lag by the interval between two 
dots for each half mile traversed. Five miles off 
the coast, the lag would amount to 10 intervals, 
the bell coming in with the eleventh dot ; estimates 
within a quarter mile would be possible. In these 
cases the observer listened with one ear and one 
telephone to the bell, and with the other to the dots. 

Professor Joly then referred to the interesting 
experiments on synchronised signals—hardly known 
in this country, he remarked—which the United 
States Hydrographic Department had conducted 
in September, 1911. From the Nantucket Shoal 
Lightship (edst of New York) three signals were 
given simultaneously once every minute: a steam 
whistle W, a submarine bell-stroke B, and radiodots, 
or ticks (lasting 2 seconds or 3 seconds) R. The 
signals were received on the cruising steamer 
Washington, the interval between B and R being 
determined within a few tenths of a second by a 
Hack chronometer, and the W-R interval within 
half a second by a stop watch ; from these observa- 
tions the position of the Washington was deduced 
assuming the velocity of sound in air to be 1,132 ft. 
(at the air temperature 68-5 deg. F.) and in water 
(at 66 deg. F.) to be 4,794 ft. per second; the 
weather was calm and hazy with light airs from 
west-north-west. The true course of the ship was 
further determined by rangefinder, compass, and 
log; a tidal current northward was allowed for. 
The Washington first steamed due west for 8 miles, 
turned and headed east-south-east, passing the 
lightship on the port beam at a distance of 3,450 


yards, went on in the same direction for 8 miles! 





further, then turned north-west, passing the light- 
ship again on the port beam at 4,600 yards, and 
then turned finally south-east back to the station. 
On this course, with the station at first right astern, 
the whistle was lost at 4 mile (zone of silence ?), 
the bell at 2 miles from the station; the bell was 
picked up again as soon as the ship had turned 
east-south-east, at 7-6 miles, the whistle only when 
the ship was once more within 4 miles of the station ; 
54 miles from the station the bell was lost again, 
the station being then astern, 19 deg. off the course, 
whilst the whistle remained longer audible this time, 
within 7} miles from the station. On turning north- 
west the bell was at once picked up again, at 8-6 
miles from the station, the whistle only at 6 miles ; 
afterwards both the acoustical signals remained 
audible throughout. The track of the Washington 
as deduced from these observations, forms a curious 
zig-zag line, sometimes on the one, sometimes on the 
other side of the true course, but on the whole fairly 
correct, though in one extreme case the distance 
deduced from the whistle and the bell differed by 
nearly 1 mile. 

It was found thus that the submarine bell sound 
carried further than the aerial whistle sound and 
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was not subject to capricious irregularities, but that 
the submarine signal was badly received from 
astern with the microphone tanks forward in the 
bows. The Hydrographic Department was satisfied 
with the experiments, and the Fire Island Lightship, 
off New York, was fi ted up for the three syn- 
chronous signals as indicated. There was one 
modification, however; the bell-stroke preceded 
the first radiodot by 0-6 second. Thus a listener 
at half a mile distance heard both the signals 
together, and if he counted 10 radiodots before 
hearing the bell, he was 10 half miles off ; that was 
a simplification, Professor Joly pointed out, but 
if the sailor were within half a mile, he would hear 
the bell before the dot, which was confusing. In a 
recent report issued by the British Board of Trade 
it was mentioned that the apparatus of this Fire 
Island Lightship was operated during fog, mist, 
rain or snow; that the range was limited to the bell- 
receiving equipment on board ship, which was 
practically within 6 miles or 7 miles ; that the bell 
gave 6 strokes, paused, and then 8 strokes, once 
every 38 seconds. Hence, the lecturer remarked, 
two unsymmetrical groups of bell-strokes were 
emitted, probably to facilitate the identification of 
the station, the lightship spelling out its name by 
the signals. The size of the antenna was such that 
the radio-signal range was not much greater than 
the bell range, to avoid interference with other 
radio signals. 

The oscillator of R. A. Fessenden, the lecturer 
proceeded, was a rival of the submarine bell of 
astounding promise. It acted both as transmitter 
and receiver, it had a range of 30 miles and more, 
could convey Morse signals to these distances, 


allowed of determining the depth of the water) 


| beneath the moving ship and the location of icebergs 
by reflected sounds, and seemed even to be utilisable 
|as a telephone over short, but useful distances. 
| The Fessenden oscillator, as well as the H. C. Berger 
apparatus (in which longitudinal vibrations are 
jemitted by a wire), were noticed in our issue of 
| April 16, 1915 (page 438) in connection with a paper 
read by J. B. Millet and F. L. Sawyer before the 
Society of Naval Architects and Marine Engineers 
at New York. The Fessenden oscillator may briefly 
be described as a powerful electromagnet on an 
alternating circuit (500 periods per second), in the 
cylindrical pole gap of which a copper cylinder, 
|9 in. in diameter, moves endwise to and fro; the 
_ cylinder is connected with the oscillating diaphragm, 
| which may be part of the ship’s side, the moving 
parts weighing more than 100 lb. The practical 
audibility ranges stated at the New York meeting 
| to have been attained in the first experiments were 
smaller than the 30 miles claimed by the Sub- 
|marine Signal Company, as Professor Joly men- 
tioned. But improvements had been effected, 
and there were certainly new possibilities as regard 
| synchronous signalling. 

With the aid of this oscillator a ship steaming at 








asco A 


25 knots might ascertain her distance from the land 
and the bearing of the signal station, and thus her 
right course, more than an hour before making port, 
in any state of the atmosphere, and it could further 
find out in what depth of water she was moving, 
and whether there were any icebergs near. For 
this purpose a commutator with one conducting 
segment was combined with the oscillator; two 
brushes bore against the commutator, the one being 
joined to the alternating generator, the other to the 
telephone receiver. As the commutator revolved, 
the oscillator was momentarily excited ; the sound 
travelled to the bottom of the sea, was reflected 
back and, acting on the oscillator, generated current 
in it ; this current was heard in the telephone when 
it happened to be in circuit at the instant the 
reflected sound came up ; the setting of the telephone 
brush would thus determine the depth of the water. 
In 8 fathoms the echo would take j second to come 
up, and this echo was, in the experiments, heard 
without the use of the receiver. In other experi- 
ments the distance of an iceberg 450 ft. long, 150 ft. 
high, was determined by echo while the United 
States revenue cutter used in the trials kept within 
distances ranging from 0-5 mile to 2-5 miles of the 
berg. The echoes were sufficiently loud at 24 miles 
to be heard all over the ship, although the oscillator 
was not properly installed, but only lowered over- 
board. 





These wonderful achievements, Professor Joly 
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continued, seemed even to be surpassed by those 
secured with the aid of the radiophone at Point 
Judith, at the western approach to Narragansett 
Bay, Rhode Island. A phonograph, started by a 
switch, called out the name of the station every 
5 seconds ; after three repetitions a much feebler 
voice uttered the warning: “You are getting 
closer, keep off.” The receiving apparatus, the 
Submarine Signal Company had informed the 
lecturer, was very small and required so little 
tuning, that a few minutes’ instruction sufficed for 
its use by inexperienced men; the sailor would 
first hear the “ Point Judith,” and then the warning. 
With the aid of radiophone stations and, further, of 
radiogoniometers (wireless compasses) for the 
determination of the direction in which the sound 
arrived and thus the bearing of the station, a ship 
would be able to proceed from headland to headland 
without seeing any lights. These radiosignals, 
which were only meant for a limited range, and 
especially the radiogoniometer, were, however, 
affected by atmospheric conditions. 

Dealing in his second lecture with the prevention 
of collisions at sea, Professor Joly remarked that 
he did not wish to abrogate the old-established 
methods of whistling and listening, nor the old rules 
as to the right of way and slowing down in thick 
weather. But submarine signalling, the radio- 
goniometer (e.g., the Bellini-Tosi directive trans- 
mitter) and radiotelephony had placed means at 
our disposal, by the aid of which good speeds might 
be maintained at sea, and the time had come for a 
complete reconsideration of the problems: As a 
first essential condition the future Board of Trade 
would have to require that a continuous watch 
be kept in the wireless room during thick weather 
on all ships. The operator should send and receive 
signals, the officer of the watch interpret and direct 
them; that division of duty would contribute to 
safety. The submarine signals could be given by 
bell (to be placed in a recess in the ship’s bottom) 
or by oscillator ; low power radiosignals he would, 
suggest, should be emitted at intervals of 5 minutes. 
Two ships, A and B, approaching one another, would 
exchange code signals giving course (in degrees, 
counted clockwise) and speed; thus A, steaming 
53 deg.(abouteast-north-east) at 11 knots,would learn 
that B was going 180 deg. (south) at 16} knots. 
Aand B could only collide if simultaneously reaching 
point 0 (Fig. 3), and the conditions of a possible 
collision might be characterised by (1) the danger 
bearing, (2) the danger rate of approach, (3) constant 
bearing, (4) constant rate of approach. Inthe case 
mentioned a collision could only occur when B was 
bearing about north-north-east from A, and A 
south-south-west from B, and if they approached 
one another at the rate of 24 knots. Hence by 
observing the actual bearing and actual approach, 
A could tell whether a collision was likely, and in 
most cases A would at once know that no collision 
was to be feared. The three factors involved were 
position, speed, course, and the distance between 
the ships would decrease at the maximum rate 
possible if a collision were to occur. The rate of 
approach was the third side of the triangle A BO, 
which the sailor could determine, without geo- 
metrical construction, by the aid of Professor Joly’s 
“ collision predictor.” 

This predictor (Fig. 2) consisted of a circle upon 
which compass bearings were marked and which 
carried two limbs, a und b, pivoted at the centre 
and divided in knots; on a cursor slipping along 
a was further pivoted the arm c, which was 
provided with a transparent scale. The sailor set a 
to the course of his ship A, b to the course of B, then 
moved the cursor along a up to the division marking 
his speed, and inflected ¢ until it intersected b at a 
distance (on 6) proportional to B’s speed; he had 
then constructed his triangle, and could read off 
the maximum velocity (danger rate of approach) 
of 24 knots onc. In order to facilitate the estimates, 
¢ was graduated to mark the amount by which 
A and B approached within 2 minutes, that being the 
interval separating the distance observations by 
synchronous signalling ; in the case considered that 
rate of approach would be 24 x 2/60 = 0-8 sea mile 
in 2 minutes. The direction of c at the same time 
gave the danger bearing, better to estimate which 
® parallel motion up to the centre could be imparted 





to c. Held in the true compass position, the 
direction in which ¢ was pointing told A in what 
direction B was approaching and also the distance 
separating the ships and the time taken to cover 
that distance—as if A were watching the approach 
of B on a chart. 

When A felt uncertain about his determinations, 
he signalled to B that he was going to determine 
the distance ; B then prepared to listen, picked up 
A’s bell, and told A his distance ; if that distance 
were 5 miles, they would both know that they 
could only collide after 12 minutes (the approach 
being 0-8 miles in 2 minutes). If repeated signalling 
after 2 minutes indicated 4 miles, there was danger. 
These observations, and the times still to go were 
entered on a sheet and compared with the danger 
distances (from the predictor); if they agreed, 
there was danger. Collision could only occur with 
conditions maintained when the rate of approach 
was constant; that constant rate could also be 
made a criterion of danger (4), as could likewise be 
the fact that the bearings remained constant (3). 

But there were serious objections to the constant 
bearing method, whether relying on the radio- 
goniometer or on submarine signals. The ship’s 
course had to be altered during these hurried 
observations ; the ear estimate of the intensity of 
sound was always deceptive, and though the Bellini- 
Tosi directive transmitters had much been improved 
and readings within 1 deg. were claimed, there 
seemed to be little variation in the maximum 
intensity of current over a range of 10 deg. from 
the direction of the signal. The fourth criterion, 
the constancy of the rate of the approach, did not 
involve knowledge of course and of speed; it 
required periodic emission of synchronous signals 
by A which B received, reporting the distance 
deduced ; if the rate of approach diminished, the 
danger was past. If a third vessel C came within 
the range of audition while A and B were exchanging 
signals, C should keep out until A and B were clear, 
not to confuse their signals by her own; C might 
be restricted to acoustic signals, Professor Joly 
suggested. , 

All these methods would, of course, have to be 
thoroughly tested before adoption. Other improve- 
ments in radiotelephony might further reduce the 
risk of collisions. By phonograph a vessel might 
call out her name as a distinguishing signal, and 
also her course and speed, when occasion arose. 
Professor Joly did not disguise the eccentricities 
of radio signals, which may be heard at astounding 
“freak”? distances or may become almost indis- 
tinguishable at small range. He ignored one 
difficulty, however, that of language. Phonographs 
generally speak with a peculiar accent ; we do not 
pretend to know what a Spaniard, eg., might 
understand, when “ Point Judith” was shouted at 
him in American. But sailors somehow manage 
to understand one another, and the manysided 
difficulties will be met as they have been under 
other conditions. 
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THE IRON AND STEEL INSTITUTE. 
(Concluded from page 511.) 
THE first paper taken at the meeting on Friday 


morning, the 3rd inst., was the one by Mr. B. Talbot, 
on the 





Propuction oF SounD STEEL By LATERAL Com- 
PRESSION OF THE ToP PoRTION OF THE INGOT. 
It was read in abstract by the author, who ex- 

hibited a number of photographs of transversal 

sections at different parts over the height of several 
ingots made by his process, and of vertical sections 
through rails obtained from similar ingots. The 
author stated that he was continuing his work and 
investigation with a view to obtain a larger per- 
centage of commercially sound steel from the upper 
portion of the ingot. He referred to his former 
contributions on the subject and to those of Sir 

Robert Hadfield and Dr. G. K. Burgess.* Mr. 

Talbot had now decided to use a refractory-lined 

top to the moulds to localise the pipe fh the ingot 

and confine the segregation to the upper portion 
more than was the case with iron moulds. The 


* See ENGINEERING, vol. Ixxx, pp. 434, 462, and 481, 
vol. xev, p. 626, and vol. xcix, pp. 538 and 561. 


refractory lined top also kept the surface of the 
top portion of the ingot hotter than the lower 
portion which was in contact with the iron sides of 
the mould. The investigation was continued by 
laterally compressing the top portion only, as it was 
thought unnecessary to endeavour to improve the 
lower 80 per cent. of the ingot, this being sufficiently 
sound and regular in composition for all ordinary 
purposes when refractory tops were used. The 
apparatus was a hydraulic press which made a 
depression upon two or upon all the four sides of the 
ingot ; the depressions were of a larger area than 
the cavity which would form in the ingot were it 
allowed to go cold in the ordinary way. The press 
was a compromise upon the Whitworth and Harmet 
methods, which latter embrace the compression of 
the whole ingot in the mould iteelf. Mr. Talbot 
removed the ingot from the mould and pressed the 
upper portion of the ingot at a time when the 
outer envelope was thick, and strong enough to retain 
the pressure, but whilst the centre was sufficiently 
liquid. Hitherto, ingots of 34 tons to 5 tons had 
always been used, and they had all been cast in 
moulds having refractory-lined tops. The average 
temperature of a number of 3} ton ingots when 
stripped between an hour and an hour and a half 
after casting was found to be 1,140 deg. C. at the 
top in contact with the refractory-head, and 940 
deg. C. at the bottom. No unsound steel was 
found in any instance below 90 per cent. of the whole 
ingot; an average of 95 per cent. of sound steel 
was obtained in the ingots pressed. Although 
the pressure was applied in the upper 15 per cent. 
of the ingot only, there was no doubt that its influence 
was felt somewhat lower, and probably could be 
traced to a distance of 20 per cent. to 25 per cent. 
from the top. The carbon percentage became some- 
what lower in the centre, after pressing, for about 
10 per cent. of the area of the whole tranversal 
face than the average of the ingot; but for rails, 
a somewhat softer centre could hardly be con- 
sidered objectionable, since a hard outside wearing 
surface was desired. The prints exhibited showed 
that sound commercial steel could be obtained 
from the compressed ingot to within 3 per cent. or 
4 per cent. of the top; the’ whole ingot, therefore, 
minus the necessary cropping of the rolled product, 
could be satisfactorily made use of. A print was 
exhibited showing a Sandberg high silicon rail, 
95 lb. per yard, rolled out of a discard of 20 per cent. 
from the top of a pressed ingot, without any cropping 
whatever. Mr. Talbot’s method, a short description 
of which concluded his paper, consists in providing 
the ingot mould with a suspended central core, and 
in pouring liquid slag into the space formed between 
the core and the recessed side of the mould. As 
soon as the slag has become solid, the core is 
removed, when the mould can be brought into use 
and the steel cast against the slag lined part. With 
a suitable blast furnace slag, from 15 casts to 20 casts 
can be obtained before renewal is necessary. With 
a more refractory slag, such as that from an acid 
open-hearth steel furnace, a longer life may be 
expected for the top. 

The discussion was opened by Mr. E. H. Saniter, 
who congratulated the author on the great per- 
severance he had shown in carrying out his in- 
vestigations and felt sure that all the members 
hoped he would meet with continued success. The 
author had stated that in some cases he had obtained 
100 per cent. of sound steel, adding that it was to 
be understood that no internal defects were met 
with ; Mr. Saniter asked whether there were really 
no defects, and also whether there did not occur 
cracks on the skin of the upper portion. This 
latter possible occurrence might be a source of 
trouble. The author, he thought, had devired a 
very ingenious method for making the refractory 
top of the ingot, it was a great advance upon the 
refractory heads hitherto made. 

Dr. Stead, who followed, said he had seen the 
plant in operation and had found that it worked 
satisfactorily ; all the claims made by the author 
had come true, so far as he (the speaker) had been 
able to ascertain. The sections made of the ingot 
proved that soundness was arrived at. Dr. Stead 
had asked the author whether, if he cast at a low 
temperature, he would have the pipe lower down, 





and the reply to this was that there was no secondary 
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pipe. It was true that if there occurred a rush of 
ingots to be submitted to pressure, difficulties 
might arise, and what was wanted was an equal 
and regular distribution to the press. The slag 
refractory top was a very simple one and would lead 
to a decrease in cost compared with the ordinary 
types of refractory heads, and he congratulated the 
author upon the success of his methods. 

Mr. Cosmo Johns stated that he would contribute 
to the written discussion on the subject, but wished 
to support Dr. Stead’s remarks on one point and 
to express his ‘admiration of the ingenious slag head. 
The arrangement, however, might perhaps only 
be applicable to ingots cast with the large end 
downwards ; if the small end of the ingot were 
downwards the device might perhaps not work quite 
so well. But this was a feature he had not studied 
and would look into. 
mw Dr. W. H. Hatfield who followed said he had 
read Mr. Talbot’s paper with great interest ; the 
author’s experiments were always keenly watched 
by all. He asked whether the temperature of 
1,140 deg. C. at the top of the ingot in contact with 
the refractory head of the mould had been taken 
by an optical pyrometer, and whether there was 
or not a steep gradient in the temperatures of various 
parts of the ingot. He (the speaker) understood 
that from the earlier experiments of the author he 
depended upon squeezing the ingot and forcing 
out the segregation. For rails and dealing with 
large ingots, the process described in the paper 
might be a success, but the manufacture of alloy 
steels was a different proposition. He also con- 
gratulated the author on his method of making 
the refractory head. 

Mr. E. F. Law found that the author’s present 
process was a distinct advance on his former ones. 
With reference to Mr. Cosmo Johns’s remark, he 
(the speaker) added that the author’s idea was to 
produce a good ingot, and if he succeeded in that 
there was no objection to the casting with the large 
end downwards. 

Mr. A. Hutchinson expressed the opinion that 
the author had shown the members that he obtained 
sound ingots, and how they could organise their 
own works ; what remained for them to do was to 
see whether they should apply his methods. 

Mr. H. H. Ashdown endorsed the opinions which 
had been expressed by the former speakers and 
added that Dr. Hatfield had raised the important 
point regarding the application of the process to 
special steels. In this latter connection he would 
add that a similar compression device was adopted 
several years ago at Woolwich for obtaining sound 
ingots, but it had been found that the segregation 
could not be removed until compression was applied 
immediately upon the termination of the casting 
operation. He (the speaker) was also interested 
to know whether any fractures occurred during 
the author’s process of compression. 

Dr. F. Rogers found the author’s process an ad- 
vance upon his former ones. It sufficed to look 
at the photo-prints exhibited to see that there was 
not only a gain in quality at top, but there was 
also more steel available. He asked whether the 
author’s outline of his dies in the press, as printed 
in the paper, was something like that of the actual 
dies. If so, did he get any indentations on the 
ingot ? It would be interesting to know, also, how 
deep the dies were pressed in, or what was the section 
of the ingot obtained at the top ultimately for rolling 
down. The form of the dies was an important 
point, because there might occur a cutting or tearing 
effect ; this might obviously be the case with the 
form of dies sketched in the) author’s paper. He 
would also like to know whether the core used by 
the author for pouring his slag head on the top 
of the ingot mould was a casting, and how he 
removed this core on the slag head being completed. 
Further, it would be interesting to know whether 
there occurred any flaking or chipping of the 
refractory slag head when teeming the steel through 
it into the ingot mould, and therefore the risk of 
fragments of slag from the head being carried into 
the steel. 

Mr. ‘Talbot, in the course of a brief reply, stated 
that with an ordinary brick refractory head the 
surface of the ingot at the top was not even, steel 
ran in the joints between the bricks and produced 


fins ; it was important, therefore, to devise a means 
for giving a satisfactory surface, and this was ob- 
tained with his slag moulded head. In regard to the 
position of the segregation, he could extrude some 
of the segregation, but he did not desire this so much 
as to place it in the condition and position he 
wanted, and he was satisfied that he had met the 
point. With reference to the casting of the large 
end upwards, a point mentioned by Mr. Cosmo 
Johns, Mr. Law had given the reply, and if he (the 
speaker) could get what he wanted in comparatively 
cheap steel, especially rail steel, by following his 
process, he saw no reason why he should change 
his method of working. He was glad to hear of 
the research work done in Woolwich, mentioned 
by one of the members; Woolwich had certainly 
not made the world aware of what they had done in 
that respect. He had not sectioned ingots vertically, 
he had not the men, machinery or the time to do 
it; for his purpose he needed no vertical section. 
He had no intention of letting his ingots get cold 
before submitting the top to pressure; if some of 
them, however, grew cold he would probably leave 
them a little longer in the press. In the matter of 
the shape of the dies, it had been necessary to fit 
and try. The die shown in outline in the paper 
was the first one he had used. The dies made a 
depression ; a sufficient margin from the corners of 
the ingot had to be allowed, and the dies should not 
go too deep because of the subsequent rolling of the 
ingot. If the dents were too deep there might be 
caused an undesirable lap in the mill. No slag 
from the refractory head dropped into the ingot 
mould with the steel; there was no trouble from 
that point of view whatever, and no flaking. Acid 
open-hearth slag was very dense ; the next best was 
that from Cleveland grey iron. Basic open-hearth 
slag had not been found satisfactory so far; it did 
not stand at all like the other two. 

On the motion of the chairman, the author was 
awarded a hearty vote of thanks for his com- 
munication. 


Non-Meta.uic Inctusions: THEmR ConstTITUTION 
AND OCCURRENCE IN STEEL. 


The next paper taken was the one having the 
above title, by Dr. Andrew McCance ; it was read 
in abstract by the author, who, in his opening 
statements, said that the important part which 
non-metallic inclusions played in causing failures 
and producing defects in all manner of steel products 
was not yet fully realised. Fully 90 per cent. of 
the failures due to faulty material which had come 
under the author’s notice had been traceable to the 
number of non-metallic particles which it contained. 
The paper dealt with inclusions as a source of 
weakness in stressed material, with the position of 
inclusions in relation to the ingot, the effect of 
manganese, aluminium, &c., on the steel, the 
influence of temperature on the prevalence of 
inclusions, and so forth, all points which were 
considered in great detail by the author. We hope 
to reproduce his paper in a forthcoming issue. 


Nore on [nciusions In STEEL AND FERRITE LINEs. 


Dr. McCance’s paper was taken for discussion 
together with a “ Note on Inclusions in Steel and 
Ferrite Lines,” by Dr. J. E. Stead, who read his con- 
tribution in abstract. Dr. Stead stated that his 
object was to place on record a large number of 
experiments to determine whether or not non- 
metallic inclusions in steel induced ferrite to 
crystallise round them. It was Mr. Ziegler who first 
suggested, added Dr. Stead, that the cause of 
segregation was the inclusions; other authorities 
had accepted that view, but as opinion was divided, 
it seemed advisable to dismiss preconceived con- 
clusions and to start afresh to settle the question 
once for all. Dr. Stead’s investigations led him 
to state that evidence appeared to be conclusive 
that non-metallic inclusions and empty cavities in 
steel did not lead ferrite to crystallise round them, 
and that it was the phosphorus—almost always 
associated? with the inclusions—which led to the 
formation of ferrite ghost lines. When the inclusions 
were not associated with high phosphorus, no ferrite 
envelopes appeared. We reproduce this paper on 
page 559. 





The discussion was opened by Mr. H. Brearley, 





who said that, following upon an exchange of 
correspondence with Dr. Stead in 1912 on the 
subject of slag inclusions and sand inclusions, he, 
at Dr. Stead’s suggestion, made a crucible steel 
experiment, putting slag into the billet. He 
arrived at a different conclusion from that of the 
author. Dr. Stead had said in his present paper 
that he drilled holes about 1 in. deep and } in. in 
diameter in steel bars ; powdered substances were 
put in the holes, and after compression the holes 
were closed by steel plugs, hammered down, and 
afterwards melted in an electric arc. Similar 
experiments were made by Dr. McCance. He 
(the speaker), did not think that line of experiment- 
ing would lead to conclusive results ; ferrite bands 
would not be obtained, he thought, round slag of 
that kind. With cogged-down steel, the slag being 
run in with the metal, the ferrite bands formed 
round the inclusions. Dr. Stead had also said that 
in a forged steel, low in carbon, showing white 
streaks of ferrite enclosing non-metallic inclusions, 
if the streaks were due to phosphorus and the metal 
was heated to 1,200 deg. C., there would be no 
ferrite bands round the inclusions on cooling, due 
to the diffusion of the phosphorus in the surrounding 
metal. To this, he (the speaker), would remark 
that all ingots and blooms were turned into forgings, 
and the ferrite bands were found in those forgings ; 
it would be strange, therefore, if Dr. Stead’s state- 
ment in this respect were universally true. 

Mr. J. H. Whiteley stated that he had read 
Dr. McCance’s paper with great interest. With 
regard to the reagent for detecting sulphides in steel 
which he (the speaker) had devised, he found that 
the silver nitrate recommended by the author, did 
not diffuse so rapidly as the antimony sulphide ; 
this was, no doubt, due to the gelatine. Some 
indication was possible with reference to the 
solubility of slag. He proceeded to say that he 
had found that as the carbon in the steel fell to 
below 0-1 per cent., the silicon concentration in the 
bath increased ; he did not see how it was possible 
for the silicon to enter the slag through the action 
of 0-1 per cent. of carbon. It was difficult to detect 
silicates in the inclusions. It was no doubt the 
case, as Dr. Stead had stated, that when phosphorus 
and iron were irregularly distributed in iron or soft 
steel, on heating the metal to at least 1,200 deg. C. 
sufficiently long the phosphide became uniformly 
distributed. 

Mr. Cosmo Johns said that he only proposed to 
discuss the paper by Dr. McCance. He desired 
to thank the author for making a most important 
contribution to our knowledge of a difficult subject. 
The paper was a record of carefully devised experi- 
ments, accurate observation and acute reasoning 
from the accepted principles of physical chemistry ; 
characteristics which were often absent from papers 
communicated to technical societies. The occurrence 
of non-metallic substances in steel, though a matter 
of great importance to makers of the special steels, 
was not without interest to those who made the 
ordinary commercial steels. The much more 
searching character of the tests applied to the 
special steels gave these inclusions particular 
significance. In previous investigations the author 
had attributed these inclusions to reactions between 
entangled particles of slag and the manganese in 
the steel, but in the present paper had also brought 
forward important evidence to prove that dissolved 
ferrous oxide was the cause of certain of the 
inclusions. As some present might know, he 
(Mr. Johns) had for a considerable time held that 
the determining factor contributing to the formation 
of these inclusions was the dissolved iron oxide. 
As he had recorded recently* the ferrous oxide 
hypothesis explained all the facts and afforded a 
basis for further research. The entangled slag 
hypothesis, while explaining some occurrences, 
felled with others. For that reason he (Mr. Johns) 
had been led to discard the slag hypothesis, and 
felt satisfied that the presence of traces of ferrous 
oxide, soluble in liquid steel but insoluble or almost 
insoluble in solid steel, would, during and after the 
freezing of the liquid steel, react with the silicon, 
manganese and carbon present with the result of 

ing silicates or gaseous compounds. He 
(the speaker) had found himself unable to accept 





* Jour. Soc. Chem. Industry, April 30, 1918. 
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the widely-held theory that silicon and manganese 
favoured the solubility of gases in steel) An 
explanation to be preferred was that in their 
presence solid reaction products were formed and 
the reaction between the concentrated ferrous 
oxide and the carbon was delayed until solidification 
had proceeded so far that blowholes did not appear, 
though carbon monoxide and dioxide would still 
be found and retained, either in solution in the steel 
or under high pressure. He concluded by again 
expressing his appreciation of the value of the 
paper, and trusted that the author would continue 
his investigation into the constitution of open- 
hearth slags, a field that had been much neglected. 

Mr. E. H. Saniter, referring to Dr. Stead’s paper, 
said he favoured Dr. Stead’s original views with 
regard to non-metallic inclusions, and not his 
modified view as recorded above. If a decarburised 
area was found round a part of an artificial inclusion, 
it could not be assumed that this decarburised area 
was not present before the insertion of the inclusions. 
If in ghosts a non-metallic inclusion occurred in 
the centre of the decarburised area due to excess of 
phosphorus this was no proof that ferrite crystallised 
round the non-metallic inclusion. He further stated 
that he had read Dr. McCance’s paper with great 
pleasure, but if he might be allowed a general 
criticism, it was to the effect that there was 
frequently an inclination to speak on broad lines on 
the subject of non-metallic inclusions, but the com- 
position of steel must be taken into account. In 
steel having no silicon, the inclusions differed from 
those which occurred when a large amount of silicon 
was present. Dr. McCance’s steel was acid steel. 
In basic steel, having 0-40 per cent. of manganese, 
and no silicon, if the top of the ingot were cut there 
would be found non-metallic inclusions which were 
principally oxide of iron; this was in solution, 
and only came out when the temperature fell. Dr. 
McCance at one part of his paper referred to the 
absence of segregation of non-metallic impurities 
in steel, and at other parts to the fact that these 
impurities do segregate, and to the evidence being 
favourable to the view that FeO was in solution in 
liquid steel. He (Mr. Saniter) preferred the two 
latter explanations to the first one. The author 
had also referred to the sulphur and manganese, 
but these must be considered in conjunction with 
the oxygen in the steel. It was well known that 
sulphur segregated to a greater degree than man- 
ganese. At temperatures very near the solidification 
point, combinations took place between the 
manganese and the sulphur. The author had 
further mentioned aluminium replacing manganese 
in removing the effect of sulphur in steel; but he 
(the speaker) would like to have a more significant 
reference upon the point than a casting containing 
0-13 per cent. of sulphur. With regard, again, to 
Dr. McCance’s statement with reference to the 
oxidation products of MnS, Mr. Saniter took it that 
the oxidation product was MnO. He was not able 
to detect a difference in sulphur in steel in the 
furnace and in the mould, and therefore the reaction 
must be very minute. The author’s microphoto- 
graphs, Figs. 21 to 24, did not show conclusive 
evidence that the inclusions were slag. When tap- 
ping acid steel, dead-melted, different samples were 
obtained from those taken during the middle of the 
boil at a time when the conditions were such as to 
cause the slag to be mixed with the steel. 

Dr. Rosenhain, who followed, said that experi- 
ments carried out with foreign bodies introduced 
into steel in the solid state were inconclusive. In 
regard to the inclusion of fluorspar referred to by 
Dr. Stead, one possible explanation might be that 
for a body to act as centre for crystallisation it must 
be in an amorphous state, and fluorspar crystallised 
on the cube system. With reference to the paper 
by Dr. MeCance, the latter spoke on the point of the 
mechanical effect of inclusions as though they were 
comparable to holes. If a metal having holes were 
strained, the hole had an elongated length and a 
reduced width, whilst if the hole were filled with a 
non-metallic substance there occurred no tension 
stress but a compression stress on the latter. 

Dr. W. H. Hatfield found both Dr. Stead’s and 
Dr. McCance’s papers interesting. The latter had 
stated that all the evidence was favourable to the 
view that FeO was in solution in liquid steel, with 





this he (the speaker) agreed, But Dr. McCance 
went on to say that the addition of elements having 
a stronger affinity for oxygen than iron had, would 
reduce both the amount of FeO and the amount 
of gases in solution, and he (the speaker) could not 
follow that the addition would also reduce the 
gases in solution. Seeing that a considerable pro- 
portion of the gases in solution was hydrogen, in his 
(the speaker’s) view they did not want to get rid 
ofthem. More gases had been found to evolve from 
sound steel than from badly-blown steel, and this 
clearly established the presence of the gases in the 
sound steel. In regard to slag, he had no hesitation 
in agreeing with Mr. Brearley, and in his experience, 
slag was found amongst the ferrite. Dr. McCance 
had stated that the inclusions were surrounded by 
an envelope of material high in phosphorus, and he 
(the speaker) would like to have further explanation 
on the point, since there might be ferrite areas 
round slag without the contributory phosphorus. 

Professor C. A. Edwards agreed with Dr. Stead, 
but thought that the latter had perhaps not included 
all the possibilities which might have a bearing upon 
the case. He sketched on the blackboard his 
explanation of the way in which crystallisation 
proceeded on the manganese side and how ferrite 
followed the bands of crystals and how it grew on 
the manganese side. 

Dr. Arnold, who followed, stated that he had 
studied the two papers by Dr. McCance and by 
Dr. Stead, and also the one by Mr. Kilby on 
“ Defects in Steel Ingots,” which was taken as read, 
with great interest. It was not possible to deal 
with them fully in the course of the discussion at the 
meeting. He agreed with Mr. Saniter that more 
details were wanted on some points. Dr. McCance 
had pointed out the influence of inclusions on the 
mechanical strength of steel. Unfortunately, the 
literature dealing with iron and steel problems was 
scattered among the proceedings of a number of 
Institutions. He (the speaker) recalled a paper 
which was read before the Institution of Naval 
Architects, on the subject of investigations made on 
a shaft for a large cruiser. He (the speaker) had 
found the sulphur content in the steel of that shaft 
to be rather high, namely 0-06 per cent., and, he 
added, when thinking of sulphur it should be 
considered micrographically, in terms of MnS. He 
also carried out 38 alternating tests on the steel of 
that shaft, which tests revealed better than any 
other tests the quality of the steel for the work to be 
done. He pointed out by a sketch on the black- 
board the occurrences in longitudinal and transversal 
sections, also where there were laminations. In 
acid boiler plates there always were more or less 
laminations, and he showed their type. Phosphide 
of iron was in solid solution and it always occurred 
at the end; they had a broken end of pearlite. 
He also showed how sulphide of manganese occurred. 
He altogether agreed with Dr. Stead’s views. Mr. 
Saniter’s remark had rather astonished him (Dr. 
Arnold) ; that the sulphur in liquid steel was in the 
condition of FeS, he agreed, but that was before the 
manganese was added. It was interesting to have 
Mr. Saniter’s view, but he dissented from it, and if 
Mr. Saniter would look up the work carried out at 
Sheffield University he would find that experiments 
had been made there to test that point. Invariably, 
and in spite of rapid cooling, they always got MnS. 
By altering the balance of manganese and sulphur, 
they could obtain mixed areas of brown FeS and 
grey MnS. Research work carried out by him, 
(the speaker) in conjunction with Mr. G. R. Bolsover 
seemed also to have escaped attention. When 
sulphide of manganese fell out from molten steel, 
it fell out at a temperature of about 1,350 deg. C. 
He showed how 12 FeMn later decomposed into 
12 Fe + Mn8§ and had proved that there remained 
in that way minute globules of perfectly clear 
MnS in the iron. Dr. Arnold also referred to 
Mr. Talbot’s contribution of 1905, adding that when 
no aluminium was present there were large globules. 
He congratulated the three authors upon their 
contributions. 

Mr. E. F. Law thought that Dr. Stead should let 
his conclusion stand as it was in the paper, and as 
is reported above ; if he altered anything, however, 
he should delete, according to Mr. Law, the words 
“appeared to be,” and write that “the evidence 





was conclusive .” He would have much 
to say in reference to Dr. McCance’s paper, but 
would contribute it by correspondence ; he would, 
however, ask Dr. McCance to make his nt 
paper, Part I, to be concluded by a Part I] which 
would include reference to Dr. Arnold’s work on the 
mechanical properties of steel. 

Sir Robert Hadfield, Bart., found that Dr. 
McCance’s paper was an important one. He had 
referred to material which had cracked under a 
stress which experience had shown that it should 
have safely carried, and in this respect Sir Robert 
added that we were rather too apt to forget the 
carbon besides all the other elements present in steel. 
Sir Charles Parsons had read on the previous 
evening a most interesting paper on the formation 
of diamond, and in Sir Robert’s opinion Sir Charles 
should be invited to read it also before the Iron 
and Steel Institute. Dr. McCance had alluded to 
the fact that the inclusions in small ingots were 
generally smaller in size than those of large ingots, 
and Sir Robert asked that if steel could be made 
with less inclusions why was it not so made and the 
fetish of large ingots dropped. It was not necessary 
to make one large ingot for cutting up later in the 
manufacturing process into a number of com- 
paratively small blooms; a number of smaller 
ingots would meet the case. He thought that one 
of the reasons which had led to the success of 
crucible steel was connected with the relatively 
small size of the ingots cast in that steel. Since 
the war broke out he had made a considerable 
number of small ingots which had never been 
submitted to any forging or rolling action, not one 
of which had shown inclusions. If the steel was in 
the right condition, a good ingot could be obtained 
and there was no need to cause it to undergo forging 
or rolling. Economical working was a condition 
which had to be fulfilled, and at the present time 
especially, forges and rolling mills were wanted 
for other purposes. He congratulated the president 
on the enormous size of some shells he manufactured, 
and he expressed the hope that they were going 
to do a large amount of damage to the enemy. 
The president had been shown what we did in this 
country, and he would see that this country was not 
behind. A billet was not necessary for making a 
shell, it could be obtained from a sound blank. The 
steel-maker had a tendency to increate the size of 
his open-hearth furnace, and teemed the steel into 
a huge ladle, making one large ingot, instead of 
distributing it into comparatively small quantities, 
but this could be done, and small ingots made. 

Mr. O. W. Ellis agreed with what Sir Robert 
Hadfield had said and had found, notably for the 
making of punches, that, starting from small ingots 
suitably heat-treated the life of the punches was 
better than in the case of those obtained from larger 
ingots which had been forged down; there was a 
lower content of phosphorus and sulphur. 

Mr. G. Carrington stated that he had experienced 
difficulties from inclusions in commercial steels, 
and Sir Robert Hadfield’s remarks in this respect 
were of great value ; a large ingot worked down was 
not so suitable as a number of small ones. Mr. 
Saniter had said that the manganeee in the steel did 
not come out until the steel had reached the point of 
solidification; in this respect Professor Arnold 
had given a good hypothesis of what happened. 
But he (the speaker) asked why, when bad iron was 
being obtained in the puddling furnace, endeavours 
were made to improve it by putting in the furnace 
a pig-iron high in manganese. In doing so, the 
manganese liquified the slag, it combined with the 
sulphur, and brought the latter out. He would 
like this question to be thoroughly thrashed out. 

Mr. H. H. Ashdown thought that a useful purpose 
would be served by reference to the paper, dealing 
with an ingot which had bled, read before the 
Institution of Mechanical Engineers, by Professor 
Arnold, in 1915.* 

Colonel N. T. Belaieff agreed with the negative 
part of Dr. Stead’s conclusions. He (the speaker) 
remembered quite well Mr. Ziegler’s first deductions 
and the important discussion which took place in 
support of them; later results showed that Mr. 
Ziegler was not entirely right. Inclusions had to 
be considered from the point of view of the broad 


* See ENGINEERING, vol. c., pages 542, 550 and 675. 
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lines of the crystallisation of steel, for the same laws 
came into play, and research, he thought, would 
be justified on these lines. Dr. McCance’s paper 
was a very important one in that it formed a link 
between purely scientific research work and work 
of a decidedly practical nature. Too much 
emphasis should not be laid on the percentage of 
the inclusions, for what was also of great importance 
was the structure of the inclusions and the steel 
could be treated so as to vary their structure, making 
this spherical or of a rounded shape. 

Dr. McCance and Dr. Stead intimated that they 
would reply to the discussion by correspondence. 
On the motion of the chairman, they were cordially 
thanked for their communications. 


Tue Errect or CoLtp-WorK ON THE DIvoRcE OF 
PEARLITE. 


The first paper taken at the meeting on Friday 
afternoon, May 3, was the one having the above 
title, by Mr. J. H. Whiteley, who read it in abstract. 
He showed, by annealing drillings and other cold- 
worked samples of pearlite steels for a short time 
below the critical point, 690 deg. C., that the values 
for the combined carbon as given by the Eggertz 
colour test could be considerably raised. The 
effect of annealing such cold-worked steels was to 
cause the carbide laminz of the pearlite to break 
up quickly into a series of spheroids. The change 
began at about 500 deg. C. and proceeded with 
increasing rapidity as the temperature was raised. 
On annealing at 680 deg. C. this pearlite-divorce 
could be completed in less than 2 hours even in a 
eutectoid steel when the laminw were very thin; 
very coarse pearlite required about 4 hours’ heating. 
The condition obtained by annealing at 650 deg. C. 
after cold-working the metal, resembled in several 
respects that obtained by quenching and tempering 
for about 2 hours at the same temperature. We 
reproduce Mr. Whiteley’s paper on page 562. 


Tae Errects or Cotp-WoRKING ON THE ELASTIC 
PROPERTIES OF STEEL. 


The next paper was on the “ Effects of 
Cold-Working on the Elastic Properties of Steel,” 
by Mr. J. A. Van den Broek, Michigan. It was 
read in abstract by the secretary. In this, the 
author described his tests, and found that the cold- 
stretching of steel did not lower its elastic limit in 
compression; the effects on elasticity of cold- 
twisting were proportional to the distance between 
the axes; the effects of cold-working on the elastic 
properties were probably a function of the strains 
and independent of the stresses involved in the 
cold-working process—all of which effects were 
reviewed in detail by the author. 

The two papers were taken together for discussion. 
This was opened by Dr. Rosenhain, who stated that 
the two papers gave a rather diverse aspect of the 
effects of cold-working. Mr. Whiteley’s observa- 
tions as to the divorce of pearlite were borne out 
by the experiments carried out by him (Dr. Rosen- 
hain), at Teddington ; as for the explanation, that 
remained an open question. The power of readjust- 
ment was a question of mobility of the molecules 
or of atomic mobility. In strained metal ferrite 
was not entirely crystallised, and could dissolve 
other constituents to a certain extent. As regards 
Mr. Van den Broek’s paper, he (Dr. Rosenhain) 
could not refrain from owning to a certain amount 
of scepticism concerning the experiments made, and 
found that apparatus of a much greater sensitiveness 
than those used by the author were required. The 
author had referred to the data obtained by 
Bauschinger ; an opposite opinion could be put 
upon Bauschinger’s observations. Berthelot’s work 
had confirmed Bauschinger’s view on the elastic 
properties of steel, and a great deal more work 
would have to be carried out to shake that view, 
much as he (Dr. Rosenhain) would like to see it 
shaken. In this respect, he repeated that much 
more delicate measurements would be required 
than those arrived at by the author. For this 


reason, the various conclusions given by the latter 
were partly invalidated. The raising of the elastic 
limit by cold-working could be most useful; but 
when the elastic limit was raised in that way, if the 
metal were then subjected to alternating stresses, 
the higher elastic limit became a fictitious property, 


a reservation which, he thought, it was necessary 
to make. 

Dr. C. H. Desch said it was a pity that Colonel 
Belaieff’s paper on “ Damascene Steel” was not 
going to be taken in conjunction with the two 
which had just been read, as it dealt with a similar 
question. A full discussion on the three would be 
found useful, and as Colonel Belaieff had said, his 
investigations might have a practical application. 
Dr. Desch added that a further possible explanation 
of the points which had been reviewed was the most 
likely one of surface tension. Surface tension forces 
could be brought to such a condition that they could 
have full play. 

The chairman announced that the authors would 
reply to the discussion in writing, and asked for a 
cordial vote of thanks to them, which was responded 
to. 


A Cause or Farture 1s Borer PLatEs. 


The next paper taken was entitled “ A Cause 
of Failure in Boiler Plates,” by Dr. Rosenhain and 
|Mr. D. Hanson. It was read in abstract by the 
jlatter. The paper dealt with a failure which 
‘occurred in the last stage of the manufacture of a 
boiler plate 1} in. thick; the plate cracked during 
the straightening of the edges after the bending 
operations had been completed. Bending had been 
carried out in stages, cold, the plate being subjected 
to intermediate annealings between the various 
stages. The plate was bent to a semicircle, and 
from one edge it cracked along the crown on the 
outer surface, as illustrated in the paper, which also 
gives the chemical analysis of the steel and the 
physical tests made. The figures obtained showed 
that the steel was in an abnormally bad condition, 
presumably as the result of some treatment— 
thermal, mechanical, or both—which it had received 
during manufacture. The paper then gave different 
micrographs of the metal and the conclusions 
arrived at from these. We propose to reproduce it 
in a later issue. 

Mr. J. Ainsworth, who opened the discussion, 
asked whether the failure was attributable to the 
actual manufacture of the plate, or to the bending 
operation. 

Mr. C. H. Ridsdale asked whether the carbonless 
bands referred to by the authors occurred just outside 
the bend or in the mass of the plate. He confessed 
ignorance as to crystallisation resulting from 
deformation at a low temperature, but he had not 
had the opportunity of following the matter up 
experimentally, and the reading of the paper had 
confirmed him generally in the opinion he had 
formed that the whole detrimental effect due to 
repeated annealing was that it caused too great a 
decarburisation. He also asked in what way 
deformation at low temperatures facilitated crystal 
growth on subsequent reheating. In his (the 
speaker’s) paper contributed in 1898, on the brittle- 
ness of soft steel, he stated he had worked upon 
an acid open-hearth steel boiler plate as one of 
several types, and had therein described one 
occurrence as blue-heat brittleness; all steels 
would develop that blue-heat brittleness, and some 
gained susceptibility to it if they were first heated, 
or soaked for a short time in a temperature of about 
1,000 deg. C. But he was still inclined to think 
that repeated annealings predisposed steel to be 
subject to brittleness at low temperatures. 

Dr. Stead said that he was greatly interested in 
the paper. The wonders connected with ferrite 
were infinite; he had been collecting notes to 
present to the Institute a paper on ferrite and had 
found out a large amount of wonderful points, but 
many other wonderful ones were still unknown. 
He was trying, among other matters, to determine 
the orientation of ferrite crystals, for different 
results were obtained if the material were cut across 
or along the crystal, or to an angle of 45 deg. with it. 
Sometimes one could have a large ferrite crystal 
in the centre of the banded structure, the orientation 
being such that the material would give a good test. 
Once a cleavage started then all the crystal would 
snap. He would discuss the various points in his 
paper. He had seen the authors’ paper in manu- 
seript form and had found the same occurrence in 
the case of drawn wire, which would be brittle 
at certain parts where there were large ferrite 











crystals, whilst at other parts and over whole yards 
in length the wire would not be brittle at all, there 
being no great difference in the size of the crystals ; 
the reason was that the brittleness was due to the 
cleavage in the crystals coming into line. There 
still, however, occurred a number of mysterious 
fractures, and the authors’ paper had explained 
some. 

Mr. H. H. Ashdown, referring to Dr. Stead’s 
Plate II, here asked whether in the banded structure 
he got rediffusion of the carbon, and if the diffusion 
was due to excess of heating of the plate imme- 
diately before rolling. On rolling the large crystals 
were rolled down. Dr. Stead replied that he would 
deal with the point in writing. 

Dr. W. H. Hatfield agreed with Dr. Stead con- 
cerning the occurrence of mysterious fractures. 
Dr. Stead had referred to brittle wire in which the 
crystal size did not show disparity. Under the 
microscope, he (the speaker) had found crystals 
larger than others and he had also found steel having 
quite large crystals to give a high impact value. 
The authors had said that cold-working and anneal- 
ing at low temperatures produced large crystals 
and failure under impact tests. Had they examined 
other similar boiler plates which did not crack ? 
He (the speaker) would have anticipated that 
impact tests would also have been carried out on a 
second, otherwise sound plate. He also asked what 
the fracture was like and whether a photograph of 
the fracture could be furnished. Were there 
local defects of any kind? It was conceivable that 
the plate was in a bad condition when it was given 
to the people who had to do the bending. The 
authors had said that they had used an impact 
test, for although it was recognised that the con- 
ditions under which failure occurred in a boiler plate 
possessed no apparent resemblance to those of an 
impact test, yet experience had repeatedly shown 
that materials which gave a low figure under an 
impact test were liable to fail under apparently 
static conditions. He (the speaker) thought the 
authors should prove that statement; the point 
that material failed “ under static conditions ” was 
an important one to all constructors and engineers, 
and he asked what reasons the authors had to bring 
forth that statement. 

Mr. E. H. Saniter agreed as a whole with the 
authors’ explanation of the trouble in boiler plates, 
and their table II, which gave the resistance to 
impact of specimens taken from the boiler plate 
No. 1 after it had undergone a number of different 
treatments, was most conclusive evidence that with 
a certain amount of cold-working there was a con- 
nection between failure and brittleness. Inde- 
pendently of anything advanced by the authors, 
there were two facts, namely, the enormous 
advantage of normalising boiler plates at suitable 
temperatures and the making of boiler plates of steel 
not containing this banded structure. 

Dr. Rosenhain, in replying briefly to the dis- 
cussion, said that the question as to what share 
in the case was attributable to the manufacture 
of the plate and what to the maker of the boiler, 
was obvious, particularly as regarded the boiler plate 
No. 1. He could not reply in the present instance 
as to grain growth, the point having been well 
thrashed out in other papers. The presence of large 
ferrite crystals having a different orientation 
explained why the large ferrite crystals were more 
responsible for fractures than the small. If the 
crystals were small and well supported there was not 
much trouble. He could not answer the question 
as to diffusion of the carbon, but doubted whether 
diffusion occurred. With reference to Dr. Hatfield’s 
remarks, he also had seen much larger crystals where 
at first sight there was no disparity in their size, 
and had examined many test-pieces of plates that 
had not failed and were free from the defects which 
the cracked plate had shown. The impact figures 
of the second plate given in the paper were not as 
low as might be expected from the lesser crystals. 
The crack had been carefully examined, but there 
was nothing suggestive about it. 


Errect or Mass on Heat TREATMENT. 


The last paper taken at the meeting on the 
afternoon of Friday, the 3rd inst., was on the 
“ Effect of Mass on Heat Treatment,” by Mr. E. F. 
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Law, who read it in abstract. Mr. Law stated 
that the difficulties met with in the heat treatment 
of large masses of steel lie not in the lack of know- 
ledge concerning the properties of the steel, but 
rather in the practical application of that knowledge. 
In his investigations, a 25-in. square ingot, 10 ft. 
in length, and weighing nearly 10 tons, was cogged 
down to 18 in. square, and was.then cut into 18-in. 
lengths, thus giving a number of 18-in. cubes, each 
weighing approximately 144 cwt. Only those cubes 
representing the soundest part of the ingot were 
employed in the experiments. The paper gave the 
chemical analyses of the steel, the heating and 
cooling curves, the mechanical tests and micro- 
graphs of the steel after different treatments. 

Mr. Cosmo Johns found the author’s curves most 
interesting. He objected to the bringing in of the 
atomic structure, and felt it a duty to add that there 
was no warrant to say that the atomic structure 
played any part in steel. 

Dr. McCance questioned some of the author’s 
explanations as to the changes which occurred at 
certain temperatures, and his evolution of heat 
in some instances seemed too great to be accounted 
for by the explanations he had given; convection 
came in, and had to be accounted for. 

Sir Robert Hadfield suggested that the Fahrenheit 
scale should be dropped. He added that he was 
pursuing his investigations on the spontaneous 
generation of heat and hoped shortly to present a 
paper covering hard material. The author had 
referred at the close of his own paper to the property 
of hardness. He (Sir Robert) recalled that some 
time ago he had offered a prize on the subject of 
hardness détermination; so far only two replies 
had been received, and he would like a British 
citizen to gain it. He had only just received 
information from Mr. Shaw, to whom we were 
indebted for the scleroscope, saying that he had 
found the relation between the ball test and the 
scleroscope test ; Mr. Shaw added that he would send 
full particulars later. If Mr. Shaw succeeded in de- 
termining super-hardness, added Sir Robert, we 
should be greatly indebted to him. Sir Robert was glad 
that Mr. Law had referred to hardness in his paper. 

Mr. Heaven found the details given in the paper 
of great value to steel users; they would have a 
great bearing in helping to solve some difficulties 
which occurred in the shop in regard to hardness. 
He would ask whether the author had any informa- 
tion to give as to the bearing of his results on the 
cracking of steel, for he (the speaker) had met with 
trouble in the hardening of a form cutter; this 
cracked, or failed rapidly. He had tried all kinds 
of treatment. The tool was quenched in water, 
then in oil, and allowed to cool down; he would 
like to know whether a certain lag was induced by 
the later cooling in oil. 

Mr. H. H. Ashdown also suggested replacing the 
Fahrenheit scale by the Centigrade. He agreed 
in the main with the author, but the latter had not 
altogether satisfied the title to his paper, for this 
dealt with mass only as far as comparison with 
current laboratory work went. He confirmed that 
a large amount of good work was done at Woolwich, 
this was always secret service work; it would, 
however, interest the members to know that records 
were taken of the heat treatment operations of 
marine gun forgings. 

Mr. E. H. Saniter found that the paper contained 
many interesting points, particularly those dealing 
with the evolution of heat at low temperatures. 
If a small piece of steel were taken and heated to 
250 deg. C. interesting results would be found ; in a 
great many instances the steel was in a state of stress, 
and by reheating the small pieces to a certain tem- 
perature, that stress was got rid of. The evolution 
of heat was perhaps due to that state of stress. 

Mr. E. F. Law said that he had carried out a vast 
number of experiments, the records of which were not 
included in the paper so as not to confuse the issue. 
In regard to the temperature scales, this was a 
difficult matter to deal with; the Fahrenheit was 
still used in most works of this country and he had 
put in both the Fahrenheit and the Centigrade 
figures. He was glad to hear Sir Robert Hadfield’s 
remarks on hardness. He (the author) thought 
the occurrences with his cubes were comparable to 
those on heavy forgings ; if he had carried out work 





on gun or armour-plate forgings he would not have 
been able to make his records public. What he 
wanted to obtain were data on fixed and uniform 
sizes. He added that he would reply in full to the 
discussion by correspondence. 

On the motion of the chairman, the author was 
awarded a hearty vote of thanks for his contribution. 

The remaining papers on the list were taken as 
read, 

The usual vote of thanks to the Institution. of 
Civil Engineers for the loan of their hall, and to the 
chairman, terminated the proceedings. 





STEAM AND POWER PLANT FOR 
CHEMICAL WORKS. 

Just now, when a large number of chemical 
works, many of great size, are being erected in 
different parts of the country, it is of interest. to 
consider briefly what are the conditions to be met 
as regards steam and power supply in such works. 
These conditions are largely different from those 
existing in an ordinary engineering works or the 
general run of mills and factories. In many instances 
consulting power engineers have been called in to 
design the steam and power plant for chemical 
works with disastrous results, due entirely to 
ignorance of the special conditions to be met. 

The great point is this, that in a chemical works, 
in which term may be included bleaching, dyeing 
and similar works, immense quantities of steam are 
required for process heating, including boiling, 
evaporating, distilling, drying, and so on; and 
the amount of steam required for generating power is 
insignificant—usually about 20 per cent. or even 
less of the whole. Further, this heating steam is 
required at a low pressure, say, 30 Ib. per square 
inch, and with only enough superheat to ensure 
its reaching the point of application furthest from 
the boilers in a dry state. High pressure steam in 
a chemical works is a continual source of trouble 
and danger. In particular, it is not suitable for use 
in jacketed vessels, or in leaden vessels or coils. 

In some cases of distillation a temperature of 
150° C. to 170° C. is required, and if steam-heating 
is necessary in such cases a small high pressure 
steam main will have to be run to the plants in 
question from the power boiler house. It increases 
the danger of explosion due to the corrosion of 
steam pipes and vessels by acids, and it adds to the 
trouble with leaky joints. 

High superheat is also very undesirable, involving 
much trouble with valve seatings, and, more serious 
still, in some cases resulting in the oxidation or 
charring of substances which come into contact with 
coils containing steam at a very high temperature. 
From the thermal point of view, low pressure, low 
superheat steam is very nearly as efficient as high- 
pressure high superheat steam. For instance, one 
pound of steam at 125 lb. gauge pressure and 
150 deg. superheat contains about 1,271 British 
thermal units, total heat reckoned from water at 
32 deg., whereas a pound of steam at 30 lb. gauge 
pressure and 25 deg. F. superheat contains about 
1,178 British thermal units on the same basis. The 
latter figure is nearly 93 per cent. of the former. 
Taking into account the reduced wear and tear on 
boilers, pipe ranges, and plant generally with low- 
pressure steam, there is no question but that it is 
by far the best and most economical system to use. 

With regard to boilers, it must be constantly 
borne in mind that the steam load of a chemical 
works is an extremely fluctuating one. A plant 
which has been temporarily shut down for repairs 
or other reasons, may be started up and steam 
turned full on to a number of vessels, thus increasing 
the load by perhaps 20,000 Ib. per hour within a 
few minutes. The reduction of load when steam is 
shut off from a plant or a number of vessels may be 
equally sudden. A type of boiler with a very large 
steam reserve, is, therefore, necessary, and there 
is no better boiler for the purpose than the Lanca- 
shire. Water-tube boilers are not suitable unless 
a very large boiler plant in proportion to the average 
load is put in. 

Coming to the question of prime movers, steam 
plant is, of course, selected since the exhaust steam 
can be used for heating, as well as live steam. A few 
boilers working at moderately-high are 


put in to supply the engines only, which should 





exhaust at 30-lb. back pressure, the steam passing 
through a superheater into the low-pressure system. 
In this way, power is obtained practically free of 
cost, since the steam is wanted anyway, and only 
a small percentage of heat is taken away in passing 
through the engines. The high-pressure boilers can 
be put down close to the power house, and away 
from the manufacturing sheds, if electrical trans- 
mission is used, but it is essential in all cases to 
place the main low-pressure boiler house, which 
will be four or five times as large as the high- 
pressure installation, as centrally as possible among 
the sheds where the steam is used. 

In choosing the type of steam engine (for turbines 
have little to recommend them’ in this particular 
case), the only relevant factors are: first, reliability, 
second, low cost of maintenance; and, third, low 
capital cost. The consumption of steam per horse-power 
hour is of no consequence. In some chemical works, 
especially where explosive or highly-inflammable 
substances are dealt with, it is preferable to drive 
the shafting and machinery with simple non- 
condensing steam engines, more particularly where 
the exhaust steam can conveniently be utilised 
close at. hand. This is a system which would sur- 
prige a modern power engineer, but then he is 
absolutely unused to getting his steam for almost 
nothing. It is a thoroughly sound economical 
system in many cases. 

In other works, where the conditions are more 
favourable to electric driving, a central power 
station will be provided where current will be 
generated by steam engines ing the require- 
ments mentioned above, and the process plants 
will be driven by motors either on the group system, 
with a number of machines belt-driven from a . 
motor-driven line shaft, or, in the case of heavier 
machines, by individual motors. 

Many reasons indicate direct current as the best 
for chemical works. If the works are very extensive 
or scattered, high tension alternating current may 
well be generated for distributing purposes, and 
passed through rotary converters, so that the 
current in the process sheds is direct current. 

The first reason against alternating current in 
chemical works relates to danger from shock. The 
sheds are generally full of steam, the floors and 
platforms are wet—in other words, ideal conditions 
exist for earthing the men, and ensuring the 
maximum shock on accidental contact with a live 
wire or fitting, and owing to rough handling and 
corrosion from acid fumes, bare live wires or fittings 
are not uncommon. Under such conditions 200 volts 
alternating current is usually fatal, and 440 volts 
always so, whereas direct current is much less 
dangerous. Even with direct current, it is better 
not to exceed 220 volts in a chemical works. 

Other reasons in favour of direct current motors 
are their large starting torque, ability to run at 
variable speeds, large safe overload capacity, and 
simple starting gear—all very valuable points in a 
chemical works where heavy agitators have to be 
started up in viscous liquors, and sometimes run 
at different speeds at various stages of a process. 
The squirrel cage induction motor is deficient in all 
these respects, and wound rotor motors are little 
better. The old drawback of the direct-current 
motor—commutation trouble—has practically dis- 
appeared in modern interpole machines made by 
first-class makers. Any possible danger of fire or 
explosion from sparking can be obviated by the 
use of enclosed pipe-ventilated motors, a type 
which is necessitated in any case by the risk of 
corrosion by fumes and damp. 

A final advantage of direct current is that it is 
often useful for electrolytic work. There are very 
few modern chemical works where some electrolytic 
process or other is not used, and further applications 
of this method are constantly being worked out. 





COAL-HANDLING PLANT AT THE SALTLEY 
GAS-WORKS, 

By Georcr Frepzsrick Zimmer, A.M-Inst.C.E. 

Ow the Continent by-product ovens have been 
pressed into service for the manufacture of illuminating 
gas for town lighting for quite a considerable time. 
To judge from the recent achievements in this direction 
at the Saltley Works of the Gas Department of the 
City of Birmingham there are* unmistakable signs 
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that in this country also it has been realised that gas 
from chambér ovens is not only suitable for steam 
production and the generation of electricity, but that 
it can equally well be used for town lighting. Hitherto 
the stumbling-block to the fuller use of this gas has 
been its varying composition and its low illuminating 
power. 

A most interesting paper on coke ovens, which also 
pointed out some of the reasons for the delay in the 
introduction of this method of carbonising, was read 
some time ago by Mr. W. Chaney, the Engineer and 
Manager of the Saltley Gas Works, before the Institute 
of Gas Engineers, and in this paper he dealt particu- 
larly with the aspect of coke and gas production by this 
system. 

The remodelling of the carbonising plant of the 
Birmingham Gas Works has been for some time under 
consideration by the corporation, and bearing the brisk 
demand for furnace coke in mind, their choice fell 
upon coke ovens, although in the case of furnace coke 
the main aim is a big yield of coke of definite charac- 
teristics, while for gas works the yield of gas is the 
principal consideration. It has, however, been proved 
by the inspection of some of the Continental installa- 
tions that a construction to meet all requirements is 
possible, and the management of the Birmingham Gas 
Department determined, therefore, to recommend the 
adoption of Kopper’s chamber ovens of such a design 
that they can serve the dual of justifying 
the demands of the ironmaster and those of the Home 
Office. In due course a battery of 12 such ovens, with 
the necessary aecessories, was installed at Saltley, in 
October, 1914, and recently the Gas Committee in- 
creased the plant to 66-ovens in all; these ovens are 
heated by outside producers of the Mond gas type 
with ammonia recovery. Although the Kopper co 
ovens have been used for years in this country for 
inetallurgical coke, they have not previously been used 
‘or town lighting. 

The mm a plant, which is the main subject 
of the present article, was designed as a whole and 
supplied in 1914 by Messrs, Babcock and Wilcox, for 
the purpdss of dative fine coal to the Kopper 
chamber ovens for the uction of metallurgical y 
and also for the production of gas, and when taking but 


® casual survey of the illustrations published in the 
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present issue one is at once impressed by the foresight 
displayed in its conception, in providing against break- 
downs and their consequences. Immunity from such 
disasters should be a sine qua non in all establishments 
upon which we depend for light and heat. As far as 
the coal-handling plant of the Saltley works is con- 
cerned it fully meets these conditions in every way, 
since the mechanical equipments are in duplicate, while 
as regards the feeding of the chamber ovens, provision 
has been made for two alternative ways of accomplish- 
ing this work. 

Briefly described, the handling plant, as shown in 
Figs. 1, 2, and 3, Plate LI, consists of two coal tips 
with track hoppers under, from each of which the coal 
can be raised — an inclined tray conveyor to such a 
height that it can be fed by gravity successively into 
two coal breakers and then into four disintegrators, 
and, finally to the two gravity bucket elevators. These 
elevators ascend, as indicated in Fig. 1, first —- 
dicularly, then at an incline, and eventually travel on 
a horizontal path across the two bunkers, into which 
they drop their load, and from where the empt; 
strand returns practically parallel to the loaded strand, 
and thence to the feed-end again. 

The two inclined tray conveyors mentioned above 
lean towards each other and nearly meet at their upper 
terminals. A good idea of them may be gained from 
Fig. 4, page 542, which is a bird’s-eye view of the 
upper terminals, and Fig. 5, on the same Pin which 
is a view taken from the ground level and also shows 
the perpendicular portion of the gravity bucket con- 
veyors. The e in which these tray.conveyors lie 
is parallel with the tracks on which the coal arrives, 
while the two gravity bucket conveyors travel side by 
side in planes at right angles to the former, 

‘The coal to be used at this installation may differ 
— materially in size and may range from run-of-mine 


down to the washed “ slack,” and as it 
is imperative that the coal supplied to the bunkers 
for feeding into the charging machi and eventually 


into the ovens, should be a fine powder, whatever the 
size may be at its delivery, it has, if coarser than 
powder, to be reduced. This entailed the installation 
of coal breakets to reduce the large coal to nut size, 
also disintegrators to reduce the latter to such a degree 
of fineness that it can be consolidated into cakes by 
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the stamping machine prior to insertion into the coke 
ovens, ing to the variety in size of the coal used 


in the plant it became necessary to arrange for a series 
of by-pass-shoots in order to cut out the coal breaker 
if nut coal’is received, or both breakers and disinte- 
grators, if “slack” or coal dust has to be handled. 
Thus the available grinding plant can be utilised when- 
ever and to whatever extent is warranted by the size 
of the coal delivered. We thus see that for lump coal 
both crushers and disintegrators are used; for coal 
the size of nuts or smaller, the breaker is by-passed 
bs means of a deflecting valve fitted under the terminal 

the tray conveyor, whereby the coal ié delivered to 
the feed of the disintegrators; while for very small 
“ slack,” which need not through either of these 
grinding or crushing sac my a by-pass shoot and 
deflecting valve are provided, by means of which the 
material is delivered direct from the tray conveyor to 
the special filling device of the gravity bucket conveyor. 

A capacity of 80 tons per hour of red coal is 
provided for on each of the duplicate plants, and either 
side is so designed that it can work quite independently 
of the other and deliver its load in a continuous stream 
into the overhead bunkers which serve the charging 
machines. Thus either side of the plant constitutes a 
complete unit in itself, quite independent of the other. 

Each unit consists of :— 

1, Coal-tipping device over a track hopper. 

2. Tray conveyor for the coal as received. 

3. breaker. 

4. Disintegrators. 

5. Gravity bucket conveyor for the pulverised coal, 
which feeds into 

6. The overhead bunkers, which latter constitute 
the only part which the two plants have in common. 

We will now describe the six items which constitute 
a unit of a plant, in the order mentioned. 

1. Tipping Device and Track Hopper. — End-door 
wagons are employed to bring the coal to the works, 
they arrive on the same line of rails for both plants, 
as it is not intended that both units should be in 
operation simultaneously at any time. A turntable 
has been installed on the incoming line in order that 
any truck which may arrive otherwise than with the 


end door foremost can be turned round before pro-’ 


ceeding to the discharging point. Photographic views, 
Figs. 5 and 6, on the opposite and present pages, 
show one truck on the tip. The tips employed 
for emptying the trucks over each of the two track 
hoppers aré of the double-ram type, they work under 
a water pressure of 600 Ib. to 800 Ib. per square 
inch; the forward ram is in a stationary position and 
has only a lift sufficiently great to raise the buffers 
at the front end of the truck clear of the rails, as with 
the ordinary single-ram tips the buffers may touch the 
rails before the truck has been raised to an angle 
sufficient for all the coal to slide out, without assistance 
by hand. The rear ram has a long throw and is of the 
swivel type, mounted on trunnions, through which the 
hydraulic mains enter and leave. This ram lifts the 
trucks to an angle of at least 50 deg. to ensure, as far 
as possible, a clean delivery of any class of coal used. 
Each ram is provided with independent control valves, 
so that the angle of the truck can be adjusted to a nicety 
to suit the prevailing conditions. The track hopper 
will hold 15 tons. The coal is delivered through an 
adjustable valve at the base of the receiving or track 
hopper (see Fig. 1) on to a jigging feed supplying the 
coal in a uniform stream to the receiving terminal of 
the tray-conveyor. An electric ca is provided 
for hauling the wagons from the line to the tipping 
point and for conveying the empties to the siding for 
the returning trucks. 

2. Tray Conveyor.—This is about 48 ft. long from 
centre to centre, and is of the Babcock and Wilcox 
standard over-end delivery type (see Fig. 7); it takes 
the coal as received from the jigger at the base of the 
track hopper and elevates it to the breaking plant. 
Fig. 5 shows the ascending strand of one, and the 
descending strand of the other of these conveyors. 
The feeding device is electrically driven from an 
independent motor, with reducing gear operating 
through eccentric rods. The whole of the jigger can 
be regulated to suit any class of coal being dealt 
with, different adjustments being required for lump 
as against slack. The conveyor is s ket driven 
and operated by a Brampton chain from the same 
motor which actuates the coal breaker. The short 
age of tray conveyor, as shown in Fig. 7, is 30 in. 

and 12 in. pitch. The chains, both for the 
tray and gravity bucket conve Figs. 8 to ll, 

544, are of the Babcock and Wilcox double-link 

d type, each link being made of flat steel, while 
steel stud rivets form distance-pieces for the. pairs of 
links. The driving gear is of the sprocket type, the 
sprockets being of cast steel as well.as the drivin 
gear, excepting the pinion, which is mild steel, an 
engages directly with the distance-pieces between the 
chain links. 

3, Ooal Breaker,—This is of the standard Babcock 
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and Wiléox four-roll type, having a cast-iron frame, | the breaker and tray conyeyor, are interlocked so that| nut coal per hour to » powdered condition. Two of 
mild steel shafts end mengaases chant claws. It. is the jigger feed cnnastr her Siegel up until the breaker } these are shown in , page 550; in the, further 
driven by a 45 h-p. motor through cast-iron spur| and tray conveyor have been put in operation, thus | one the covering has been removed. They were manu- 


aring, and has a capacity of 80 tons per hour; it | rendering this part of the plant fool-proof. factured by Messrs. Pratchitt Brothers, Denton Iron- 
an ito raking“ anomie coal to's an & Dist —Two disi of the “ Carr” | works, , and consist of two concentric cages 
which will pass through a ring 2 in. in diameter. type are employed in each of the two plants, as each | which revolve in opposite directions to gach other; 


The motors operating the jigger, and also that for | machine is only capable of reducing 40 tons of-small {the coal is fed in at the centre or into the inner cage 
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(5336 F) 
and centrifugal force causes it to Fa between the 
bars of the cages, which speedily reduce it to powder. 


This pair of disintegrators is driven from a counter- 
shaft direct-coupled by a flexible coupling to a 200-h.p. 
motor. 

Each cage of each of the disintegrators is actuated 
by a separate drive (see Figs: 16 and 17 annexed), 
consisting of three strands of 1}-in, pitch bush roller 
chains, running in parallel, and at a speed of over 
1,500 ft. per minute. These drives are completely 
enclosed in dust and oiltight mild steel casings fitted 
with oil bath and pump toensure continuous lubrication, 
and were supplied by Messrs. Hans Renolds, Limited. 
As the cages revolve in opposite directions, it was 
necessary that one drive should be of the open type 
and the other (in order to reverse the direction of 
rotation) had to be geared into the outside of the 
chain which passes over a jockey pulley beyond the 
disintegrator spindle, see Fig. 17. The normal power 
transmitted by each drive is 50 h.p., but in order to 
provide for long life and to withstand sudden shocks 
each drive was designed for 200 h.p. to 250 h.p. The 
load is not only variable, but there is also always the 
possibility of foreign objects entering the disintegrator 
with the coal, which might injure the working parts 
and cause a serious breakdown as the disintegrator 
cages revolve at 400 r.p.m. Each driving sprocket 
on the line shafting (which is carried in self-oiling 
bearings and runs at 730 r.p.m.) is arranged with a 
safety shearing clutch. The sprocket is provided with 
a flange which aligns with a similar flange keyed to 
the shaft, and shear pins of suitable section connect 
the two together. These shear pins are of such a 
diameter that they shear at a predetermined overload, 
the driving sprocket then running free on the shaft and 
the machine coming automatically to a standstill. 
The sprocket is bushed and filled with lubricant to 
ensure free running when the shear pins come into 
action. This simple device has successfully proved its 
utility, for it has come into action many times since 
the plant started. 

5. Gravity Bucket Conveyor.—This is of the Babcock 
and Wilcox standard type, as shown in Figs. 8 to 11, 
page 544, already mer ey to, and has, like the rest of 
the plant, a capacity of 80 tons per hour. The buckets 
are of mild steel each stamped out of one piece by 
a special hydraulic process. To the sides of each 
bucket a small malleable casting is securely riveted, 
this being a combination of a trunnion bearin 
and a cam, so formed that a bucket can be detached 
in a few seconds by the simple means of withdrawing 
two split pins and lifting the bucket out, not only 
without disturbing any other part of the chain, but 
also without disconnecting the latter. 

Special dumpers are used for the delivery of the coal, 
and they are so arranged as to cause the buckets to 
make a series of dumps at any one point to ensure, 
as far as possible, complete discharge of the buckets ; 
this is essential on account of the sticky nature of the 
material dealt with, as a considerable amount of 
moisture is added to the powdered coal prior to delivery 
into bunkers te ensure the coal cakes standing up under 
the pressure of being forced into the ovens. Toensure 
an even filling of the bunkers the dumpers are fixed 
at suitable positions over the whole area. The gravity 
bucket conveyor is operated by a 16-h.p. motor. 

Owing ‘to the dust created by the grinding process 
of the fast-running disintegrators and the confined 
space in which the conveyor works below them, a 
ents device, illustrated in Figs. 18 and 19, is em- 
ployed to secure quiet and dustless delivery of the 
small coal into the conveyor buckets without spilling. 

This — —— device (patented jointly by 
Messrs, bcock Wilcox, Limited, and 
Alexander Lennox) serves the double purpose of 
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supplying fine coal in intermittent charges to the 
buckets of the gravity bucket conveyor, and also of 
isolating each charge in its own compartment from its 
dusty surroundings under the disintegrators, and thus 
feeding it to the conveyor with the minimum possible 
amount of dust. The feeding apparatus will be under- 
stood from Figs. 12 to 15, on page 544, these views 
representing, respectively, a plan and two elevations. 
These illustrations also show a portion of the gravity 
bucket conveyor in its relative position to the feeding 
devices, and the method in which the devices are 
driven from the conveyor chain by a countershaft. 

The speed of these devices is naturally synchro- 
nised with that of the gravity bucket conveyor, so that 
each of the compartments of the former will deliver 
its load, without spilling, into a bucket of the latter. As 
may be seen from the illustrations, Fig. 18 and 19, the 
feeding device consists of a suitable casing in which 
revolves a spiadle with a spider fitted with radial vanes 
in the form of a paddle-wheel; the vanes form pockets for 
the material which, when in motion, will be doled out in 
regular charges to the conveyor buckets. The revolv- 
ing measuring device fits dust-tight into that portion 
of the framing between the feed hopper and the 
delivery outlet, so that each compartment—when 
leaving the feeding hopper—is perfectly isolated from 
its dusty surroundings. There is also a portion 
similarly protected where the compartments approach 
the opening to the feed hopper. The latter is very 
large, so that the material entering the compartments 
is not confined to the periphery of the revol wheel, 
but it can likewise enter the apertures on either side 
of the cells. This can be seen from the photographic 
view, Fig. 21, on page 550. This arrangement insures 
that the vanes will, in carrying away the material, 
leave a void for further material te enter, which is 
quickly filled by the “ flow-in” from the next com- 

rtment, which also gets a full charge. It will also 

seen from the illustration that the weight of the 
descending load is in favour of the rotation of the wheel, 
the driving power expended is therefore confined to 
that required for overcoming frictional resistance. 

In addition to feeding fine coal and other dusty 
materials the same device is suitable for sticky sub- 
stances, or such of a sluggish nature which will not 
naturally flow through shoots in the ordinary way. 

6. The Overhead Bunkers.—Mild steel coal bunkers, 
(see Fig. 2), are ata tp in two sections (an external 
view is given in Fig. 22, on page 550) the one directly 
over the coke ovens being of 300 tons capacity and 
a to feed into a travelling charging machine, 
to deliver powdered coal to the ovens from the top in 
the event of the side-charging machine not being in 
operation. The second section of the bunkers, deliver- 
ing to the stamping and charging machine proper, is 
of 600 tons capacity. The outlets of the bunkers are 
controlled by hand - operated duplex valves; the 
bunkers are supported on mild steel stanchions of 
compound section. 

The lubrication of the conveyors is an important 


Mr. | item, and this is provided for by Messrs. Babcock and 
Wilcox’s patent automatic lubricators, The motors 








employed are of the slip-ring type, manufactured by 
Messrs. Bruce Peebles Co., Limited. The starting 
gear is of the face-plate oil-immersed type, by Messrs. 
Ellison, and is used for the jigger, breaker, and tray 
conveyor, while for operating the 200-h.p. motors 
driving the disintegrators, starters of the hquid type 
are used, these are manufactured by Messrs. Allen 
West and Co., Limited, of Brighton. 





THE EFFECT OF THE LONGITUDINAL 
MOTION OF A SHIP ON ITS STATICAL 
TRANSVERSE STABILITY* 


By Mr. G. 8. Baxer, O.B.E., Member, and 
Miss E. M. Kearny. 


§1. It has been known for many years that the distri- 
bution of forces around a ship when in motion is different 
from that when at rest. A little consideration makes it 
clear, therefore, that the stability when in motion may be 
different from that when at rest, and that the difference 
may become important as speed is increased. 

object the experiments was to measure this 
effect on some typical forms, and, if possible, to determine 
when and why it becomes important. The actual 
experiments given here have been made during the past 
four months, but for some time all pate models 
have been specially watched for any effect of the kind. 
The obvious importance of the subject in connection 
with seaplane design led the tank staff to sv t 
experiments on a model of a single-float machine. ese 
were made in the early part of 1915, and a detailed 
account of them is given in a report dated December, 
1915, made to the Advisory Committee for Aeronautics. 

The conditions which exist at the present time do not 
lend themselves to research work of this character. 
It has not been possible to test that variety of form 
which the authors wished, and for this reason some 
discontinuities are apparent. But the authors felt 
that this first exploration of the field had reached a stage 
at which the general character of the results was apparent, 
and that as it had taken three years to make this amount 
of progress, it was desirable to make the results known, 
eather than wait—possibly for another three years— 


in order to fill in the gap. 
nd’ Mode of Experiment.—Six models 


2. Apparatus a 
bese been tested. These vary from full mercantile 
forms having @ long parallel middle body to destroyers 
and skimmers. Particulars of these models are given 
in the table, and their oe sections in Fig. 1, 546. 

The models were made of paraffin wax in the usual 
way. In all cases they were at their low-water level, 
pn on an even kee! with the exception of the motor boat, 
which was trimmed slightly by the stern. The apparatus 
used for towing was, in most cases, that for ordi 
ship resistance experiments} (see Fig. 2, page 546). 





* Paper read before the Institution of Naval Architects, 
March 21, 1918. 


+ Owing to its high centre of gravity, the skimmer had 
to be in another way. A vertical roller wae 
fitted in vertical middle line plane of the model and a 


horizontal one on the travelling carriage. The model 
ere. green’ by te Oe cee ee 
The propulsive force had no transverse component and 
thécclons introduced no stability error, but its 

ion may have caused the model to run at slightly 
es stern trim than it would have done if propelled in the 
ordinary way. 
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The towing rod was attached to the model at the level 
of its centre of gravity, so that the pul] should have no 
effect on its transverse inclination. Guiders were 

fore and aft at the same level ; these prevented yaw, but 
allowed the model to trim, move fore and aft, and rise 
and roll quite freely. The models were ballasted to give 
the required trim and displacement by means of weights 
Bin Fizs. land 2. Those were placed along the bottom 
and on beams across the deck so as to bring the centre 
of gravity to the desired height. This was arranged in 
most cases to give a G.M. of 0-4 in. approximately, for the 
model, so that a measurable angle was obtained for a 
moderate inclining moment. A larger value of G.M. 
had to be accepted in the case of the fast motor boat. 
The very low buoyancy of this form for its size, was 
mostly taken up in weight of the wax hull. With what 
was left, the centre of gravity was raised as high as 
possible, but owing to the broad beam the metacentre 


was very high and the final G.M. was 5-76 in. for the 
model. 





The required.inclining moment was obtained by moving 
a known weight W along a slotted bar. } 

The — measuring gear is shown in Fig. 1, annexed. | 
A beam E was thrown out transversely from the model | 
at about midships. A rod F (}in. by } in.) was attached 
to the outer vm of this, by a pin joint. This rod was | 
constrained at its upper end by four rollers, J. J. The | 
rod F carried a scale H of the transverse inclination* of 
the model in degrees, which was given by the long arm | 
of a light paralle! motion gear G. This gear was pivoted | 
to the rod F at K, and balanced about this point. The | 
beam E kept the apparatus well clear of the model and 
of carriage fittings, and as this was the only part attached 
to the model, the apparatus could be shifted easily from 
one to another, and no great care was required in fitting | 
it up. 

§3. Method of FE. imenting.—The model was first | 
trimmed so that the deck was level transversely. | 
Following this, and at the end of each set of experiments, 
an inclining experiment at rest was made, the angle 
being taken for various transverse moments. This gave | 
a datum curve of G.M. against angle of inclination of | 
model when at rest. Each model was then run through | 


(1) The inclinations produced when at rest, by a 
series of inclining moments. 
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(2) The inclination when under way produced by a 
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a series of uniform speeds with a constant transverse | TABLE I.—Mops.t Do«ensions Entarcep To THOSE For Sarr or Constant LENGTH 
inclining moment applied, and the inclination of the | EQUAL TO 400 Fr. BETWEEN PERPENDICULARS. 
mode! whilst in motion was noted. The lower speed | —— — ae 
limit was well below the normal speed of the ship to scale, Prismatic Meta- 
and the upper limit the highest possible for any given Ratio of : Coefficient Height of | centric 
model. In each case an inclining experiment with the | Model | Ship Dimensions | Beam. |Draught.| Displace-| between | Parallel|  C.G. Height at Remarks. 
given moment was made in smooth water at the beginning | No.- | Wodel Dime ment. ——- Body. | above Rest, 
and end of each run, and the mean zero of these two . L.W.L. G.M. 
experiments was taken as the zero for calculation of the ee | area See 
G.M. under way. In this manner account was taken ft tt om, ft in - 
ph 4 the toot F enighs SER ange Rove comtred is ue 25-5 53-0 | 26-0 — 0- lio | — 7% 10-0 Cruiser stern , mene 
~~ - : ne ends main! 
_With one or two forms the experiments were repeated | B 53 25-0 54-0 27-0 | 13,130 0-79 185 ~ 64 10-3 A standard ship. 
with another moment, and at critical speeds cross curves | C 53 26-1 65-0 23-0 | 12,760 0-76 120 + 27 9-0 t series model, 
of varying inclination were obtained. me’ stern, = 
§4. Analysis and Mode of Presenting Results.—The : wR 
experiments with each form gave three sets of data :-—| pn 53 25-0 46-0 23-0 5,010 0-41 nil = 28 10-0 Tank Gotan model having 
* There was a slight error in this record of varying with fine convex lines 
amount on the different models, due to the transverse at ends. 
movement of the lower end of the rod F when the model | E 53 29-0 88-0 | 11-0 | 2,540 0-64 nil + 73 11-1 | Destroyer of usual type 
was inclined. ss teongyr ee been made for = (L.W.L.) a A, BT L. 
in every case. model was inclined about . , 4 . : chine in 
8 deg., one degree measured by the pointer was truly one ie ” a = aes = _ - — 1 “More body. singe step 
degree inclination of model. The correction affected just jecation, 
the absolute value of G.M., but hardly affected at all the and kanskle ot after end 
differences in G.M. under way and at rest, 
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height G.M. for any angle @ was then calculated from the 
usual formula :— 
GM. = inclining moment 
(displacement) tan @ 
These G.M.’s, both at rest and under way, 

plotted to a base of inclination @ (see Fig. 3), The 
vertical intercept between any point on the “ under 
way” curve and the “at rest” curve is a measure of 
the movement of the metacentre due to the water forces 
at the speed corresponding to the point chosen. Thus 
at A the speed was 487 ft. per minute, and the meta- 
centric variation due to this speed was AB. These 
———_ for the typical case chosen are given in Fig. 3, 





page 546. 

The analysis of the results of the experiments with 
varying inclining moment and constant speed was only 
made as far as the first plotting of G.M. to base of angle, 
as this was sufficient to demonstrate that such variation 
of height of M as occurred was, roughly speaking, 
independent of inclination. To get a direct comparison 
between the forms,t his variation of G.M. was then 
worked out for ships of a standard length of 400 ft., 
and plotted to a base of value.* In this way results 


roduced by definite transverse wave phenomena are 
rought to more or less the same abscissa value, and can 


Fig. 5. 


AT THE GPEEO GIVEN BY THE ABSCISSA THE “PLUS” EIGN 





rotary motion* takes place, there is a corresponding 
pany in the virtual gravity, and consequently in the 
real buoyancy of the water. 

The centre of action of the buoyancy obtained under 
these conditions will depend upon the vertical distribu- 
tion of these hydrodynamic pressures at each section 
of the ship. If this were known, the new centre of 
buoyancy could be calculated by a little extension of 
the system used by Sir William Smith in his paper on 
¥ logsi and Sagging Strains in a Seaway influenced 
by Wave Structure,’ t which gives a method of calculating 
buoyancy with any pressure distribution. The pressures, 
however, are not known and are difficult to measure, 
but it can be seen that either a concentration of pressure 
near the water line where the sections flare, or a reduction 
of pressure all over the midship portion of a ship, would 
raise the centre of “‘ buoyancy ” a little. 

There is a second effect produced by running trim, 
viz., variation of inertia of water plane. In most 
mercantile vessels this is slightly greater under way 
than when at rest. In destroyers the water line varies 
with speed, but is not materially different from the 
at-rest condition except at the bow, where the marked 
motion of the water at high speeds makes it impossible 
to give any value to water-line effect in that region. 

§7. Inclined Plane of Jet Action——This may affect 


CURVES OF VARIATION OF HEIGHT OF METACENTRE WITH SPEED, FOR 400 FOOT SHIP 
Yue OROINATE fm’ OF THE METACENTRE CURVE 15 THe OP PERENCE It HEIGHT OF METACENTRE AT REST AnD mH MOTION 





WHEN mm MOTION. 


Tre © CURVES ARE FOR MODEL ; LE, HAVE NOT BEEN CORRECTED FOR DIFFERENCE Im SIM FRICTION BETWEEN SHIP AND MODEL 


pes a2 ess 


SCALE OF Mm WH INCHES 


be easily detected. These curves for all the models are 
shown in Figs. 4 and 5. On each diagram is also shown 
the © valuet of the model to the same abscissa. Serious 
wave-making is indicated by a rapid upward trend of the 
curve of (C), and this is usually accompanied by a change 
in the character of the G.M. curve. 

Before passing to the results obtained it is desirable 
to consider in what different ways the transverse stability 
may be affected by longitudinal motion. The effect 
may arise from a number of separate causes, al] of which 
exist in any case, but whose relative importance varies 
greatly with form, speed, &c. These causes may be 
roughly classified as :— 

‘ 1. Stream-line pressure changes considered as distinct 
rom 

2. Wave or surface motion, 

(3) Alteration of water line due to trim or sinkage, 

4. Inclined plane or jet action. 

35. Stream-line Pressure Changes.—The statical trans- 
verse stability of a ship is obtained in one of two —— 
either by keeping the centre of buoyancy high, or by 
working with a large water-plane area to give good water 
moment from small inclinations, é.e., a ) etd, inertia of 
water plane and “ B.M.” 

The height of the centre of buoyancy is always taken 
to be the centre of gravity of the displaced water, the 
ship being at rest. But this is not necessarily the case 
when in motion. Adopting for the present the con- 
ventional supposition of a rigid water surface, calculation 
shows that the pressures around any form when in 
motion differ from those when at rest, there being regions 
ot aggregate increased pressure at each end and 
diminished pressure between them. The total effect 
of the latter is usually greater than that of the former, 
and to maintain its buoyancy the form must be immersed 
a small additional amount (see §6). 

§6. Surface and Running Trim Effect.—If the con- 
ventional rigid surface is replaced by one of constant 
pressure, as is the case with all surface ships, the surface 
particles adjust themselves to the new conditions by 
change in water-level and in stream-line motion. This 
adjustment involves some very rapid rotary movements 
of the streams which go to form the bow breaker or 
first divergent wave, and the ordinary accepted orbital 
motion in transverse waves formed. Wherever 
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all vessels to a small extent, but is important only in 
the case of high-speed ones, and detailed consideration 
has been confined to these alone. 

A skimmer running at high speeds is wholly supported 
by the dynamic forces due to the water impinging on 
its bottom. When at rest it is supported entirely by 
the hydrostatic lift or buoyancy of the water it displaces. 
As the vessel attains speed there must come a time when 
the line of action of the supporting forces, and therefore 
the stability, must be due more to the d ic than to 
the static forces. As these are unrelated to each other, 
some variation of stability with s must be expected. 

In the case of an ordinary ship form at low speeds 
the restoring couple at angle @ is given by :— 


[was de-wee | 


B being the centre of buoyancy, 

G being the centre of gravity, 

% the half-beam at any point z of the length in feet, 
being the nem see ng 

w the weight of 1 cub. ft. of water. 


When planing is fully developed, if the bottom is 
regarded as two inclined planes A, K, in Fig. 6, forces E 





* With rotary motion the virtual gravity is given by 
(g — w? r), where w is angular velocity and r the radius 
& & i oidal waves, this reduces 


of mov & t 
tog (! Fo ) where r and R are orbital and rolling circle 
radii respectively. 

+ Transactions of 
1883. 
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and F will act on the two sides. Their relative value 


will with transverse inclination, partly because of 
the transference of effective area from the eme to 
the immersed side, and partly because of the effect of 


transverse inclination on the lifting value and on the 
longitudinal angle of attack of the two sides (both will 
be greater on the immersed side under the condition 
assumed). 

An elementary idea of the changes taking place can be 
obtained from the following simple case. It is assumed 
that the planing surface has a V-section and that the 
forces on the two sides will act at right angles to the 
bottom, and at the same points C and (C, for all small 
transverse inclinations. If when inclined at an angle @ 
a lift p is transferred from one side to the other, a couple 
is introduced equal to : 

2G Dsina, 


where D is the intersection of the lines of action of the 
forces on the two sides, and a is the inclination of these 
forces to the middle line. This is a restoring couple 
when D is above G. The restoring moment now 
becomes : 


Ma [Zw iyvde— (Ww —P) BG |0+2pG Daina 


P being the resultant dynamic lift on the bottom, 
B the centre of buoyancy of the immersed volume 


Ww - *) 
“s 

When the vessel is properly planing, the water-plane 
area is very small and the transference of buoyancy nil, 
so that the integral is negligible, and P is then equal to W. 
The whole restoring moment then depends upon the 
last term in the above equation. This will obviously 
depend upon the beam, and the rate of transference of 
force from one side to the other with inclination, and 
experiment only can determine its value. 

p to this point the inclined plane action has been 
assumed to be independent of the surface disturbance 
and to continue at all inclinations, but observation in a 
number of cases has shown that this is not the case. 
The continuance of good planing action on the immersed 
side, when inclined, depends — a pre r feed of air 
to the step, and the ability to p the chine line from 
becoming immersed. If either of these things is wanting, 
to the same extent is there a falling-off in lift on this 
side. Either immersion or larger wave formation may 

roduce this effect, and no great result can be expected 
rom the inclined surface until the step has properly 
cleared itself. 

§8. Results.—These have been analysed only so far as to 
ive precise data for the individual forms concerned. 
Wher more models have been tested and circumstances 
allow of more time being devoted to the subject, the 
analysis wil] be carried farther, so that results may be 
redicted for any given form. From what has been done, 
Ceuren, certain general conclusions are evident, viz. :— 

1. For all vessels there is a systematic variation of 
stability with speed. 

2. This variation is never important unless the wave- 
making resistance is important. 

3. In_ ordina tramp steamers and low-s 
mercantile vessels a small loss of metacentric height, 
not exceeding 5 in., may be obtained. 

4. With higher s within range of many existing 
vessels (besi: destroyers )—variations in metacentric 
height of from + 3 in. to — 2-3 in. have been obtained 
with quite normal forms of different type, and these 
must be regarded as quite possible variations for forms 


capable of running at speeds between @) = 1-Oand 1-5, 
5. At still higher speeds (#.¢., above = 1-5) and 


before a vessel ins to plane or skim, it suffers from 
considerable loss of stability due mainly to the bad action 
of the step and the after end being partially under water 
on the immersed side. 

6. Destroyers which work in the speed range covered 
by (5) suffer from this same loss of stability. 

7. When a vessel* is cre the chines and step 
running quite clean, it can derive a large amount of 
stability from the action of its planing surfaces. 

8. In all the models tried the variation of metacentric 
is, roughly speaking, independent of the transverse 
inclination of the form within the experimental] limits 
of inclination, viz., 7 deg. to 9 deg. maximum at rest. 

9. The movement of the metacentre is not proportional 
to the square of the speed. { 

Of these conclusions, No, 4 has the greatest practical 
importance, but Nos. 2 and 8 have a greater bearing 
on the study of the phenomena. These show that the 
effect is set up by the longitudinal motion alone, that it 





is not brought on by the transverse inclination, but 
exists when ship is at any angle, including the upright 


Some minor points of detail to which attention can 
usefully be drawn are as follow :— 

(a) is D and E differ in the former being twice 
as deep as the latter and having an after body the same 
as its fore body instead of the usual cut-up stern of a 
destroyer as in E. The wave formation at the bow of 
the two forms was of the same character. At the 
after end D had a large wave crest similar to that at its 
bow, but this wave crest never formed against the hul] 
of E, which rode with its knuckle line at or about the 
water-level wherever this might be. The movement 
of the metacentre in these two forms at correspon 
speeds was in opposite directions, and this difference 





* Although the results for only one model are given 
to support this conclusion, accurate experiments with 
three others and genera! observation of another go to 





show that it is correct. 
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in behaviour must be attributed to a large extent to] 
the different stream line and wave motion at the after 


end. 

(6) A chine in the fore body has a large effect upon the 
variation of metacentre, and the character and position 
of the chine are more important than the general shape 
of the form above and below it (assuming the shape to 
follow conventional lines). It either controls, or failing 
that, damages the stream-line and wave formation. 

(c) Conclusion 9 is not altogether unexpected. If 
a fully-submerged body moves through the water, 
theoretically all the forces vary with the square of the 
8 But the draught of a body moving on the surface 
is continually changing, and, what is more important, 
the disposition of the hydrodynamic pressures in the 
surrounding fluid is also changing with speed, and this 
change is mainly governed by the possible wave forma- 
tion. It is the disposition of the water pressure more 
than their aggregate value at any section of the ship 
that determines their effect on the stability. 

These conclusions have been confined strictly to the 
matter in hand, and their indirect bearing on the rollin 
and straining of ships at sea has not m disc A 
although it may in some cases be appreciable. 

The authors’ thanks are due to Mr. A. W. Riddle, 
who has performed a good deal of the office work in 
connection with the research. 





THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held on — 26, at the Imperial 
College of Science, Professor C. H. Lees, F.R.S., president, 
in the chair, a paper, entitled “* Notes on the Pulfrich 
Refractometer,”” was read by Mr. J. Guild. he Pa oon 
deals with points to be observed in the use and design 
of Pulfrich refractometers. A theoretical investigation of 
the various errors to which measurements are liable is 
included. 

A paper “On the Accuracy Attainable with Critical 
Angle Refractometers” was read by Mr. F. Simeon. The 
three factors controlling the determination of a refractive 
index by means of a critical angle refractometer are, so 
far as the prism system is concerned (i) the angle of the 
prism, (ii) its refractive index, and (iii) the angle of 
emergence of the critical ray from the second prism face. 
Expressions are obtained for the variation of the required 
refractive index with each of these factors separately and 
curves are given connecting these variations with the 
angle of emergence from the second prism face for various 
prism angles. 

Mr. Simeon expressed interest in certain of the points” 
mentioned in the first paper. He described the new 
graticule fitted by Messrs. Hilger. He was surprised 
that no reference to temperature measurements was made 
in the pope: 

Mr. T. Smith pointed out that the work which formed 
the basis of the first paper involved the measurement of 
some 2,000 glasses, and was only possible where combined 
facilities for routine and research work were available 
on @ large scale. He thought Mr. Simeon’s curves should 
have been plotted against refractive indices instead of 
emergent angles. At present they were misleading. 
The mathematics could also be simplified. 

Mr. Lamplough said he could confirm the advantage 
of using different liquids with different glasses. He 
thought Hilger’s new graticule very comfortable to uso. 
What was Messrs. Hilger’s object in reversing the parts 
of the instrument ? 

Mr. Churcher referred to the design of the Abbé 
refractometer and pointed out the necessity for having 
the lower illuminating prism of dense glass as well as 


the hy ow oe. 

Mr. Guild replied to the points raised by the 
speakers on his own paper, and exp d 
in the statements made by Mr. Simeon about some of 
the features of Messrs. Hilger’s new instrument. He 
criticised Mr. a eerily vel on > ground that he = 
not comparin roperly comparable quantities in the 
case of the different risms, and that hin conclusions and 
also those that would be drawn from his curves were 
unduly favourable to the 90 deg. prism on this account. 

Mr. Simeon said he had not himselt found it misleadi 
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t | vessel actually afloat in 





varying as some power of the distance can prove adequate 
to explain the facts. It is certain that the law of 
attraction at lecular dist is not that of the 
inverse square of the distance. In a lengthy series of 
papers in the u ui Magazine, Sutherland*, 
whose work has not received te recognition, has 
discussed the law of the inverse fourth power, and has 
pointed out the relation which it bears to the charac- 
teristic equations of Van der Waals and others. A useful 
summary of work on the subject is given by W. C. McC. 
Lewis, in his “‘ System of Physical Chemistry ” (Long- 
mans, 1916). It may be mentioned that Lewist has 
examined the connection between the internal pressure 
or cohesion, 7, in the equation 


(p + ©) (v — b) = RT, 


and the dielectric capacity and permeability of a liquid. 
He has shown that the Obach Walden relation regarding 
the oe are amp between the internal pressure and 
the dielectric constant follows from the hypothesis that 
molecular attraction is electromagnetic, not electrostatic 
in nature. That cohesion arises from the action of electric 
or electro-magnetic forces may be inferred from optical 
experiments. The re hypothesis ex- 
plains the negative result of the Michelson-Morley experi- 
ment by a contraction of the material framework of the 
apparatus in the direction of its motion through the 
wther. Such a contraction may be predicted from the 
standpoint of electromagnetic theory. There is, therefore, 
a strong presumption that “ the forces of cohesion between 
the particles which give a solid its rigidity are electrical 
forces.” t 











EXPERIMENTAL CONSTRUCTION OF AERO-ENGINES.— 
The Minister of Munitions has ordered as follows: 
(1) On and after May 15, 1918, no person shall without a 
licence from the Minister of Munitions commence or 
proceed with the experimental construction of any 
aero-engine ; provided that where a first application for 
a licence under this Order shall have been made and is 
pending for the carrying on of any experimental con- 
struction which shall howe been commenced before 
May 15, nothing in the Order shall prohibit the carrying 
on of such construction until the licence shall have been 
refused. (2) The term experimental construction shall 
mean any construction which is not under or for the 
direct purpose. of fulfilling a Government contract, and 
shall include the preparation of any working drawings 
but not the preparation of general arrangement drawings. 
(3) Every person desirous of obtaining a licence to 
commence or carry on any such experimental construc- 
tion as aforesaid shall apply in writing to the Director- 
General of Aircraft Production, Kingsway, W.C. 2, 
for such licence, and shall give full particulars of the 
construction for which the licence is required, and such 
further information as the Director-General may require, 
and shall comply with any restrictions or conditions 
subject to which the grant of such licence may be made. 





Concrete Suirs.—In the House of Commons, on 
May 8, Mr. P. A. Harris asked the First Lord of the 
Admiralty whether Italian concrete ships had been 
built and been in regular service in the TeGhemmaans 
and in the Adriatic some ten years; and whether he 
would state the tonnage of the largest British-built, 
concrete sea-going vessel afloat, and how many British- 
built, concrete sea-going vessels of over 400 tons gross 
register were afloat. Mr. Pretyman replied that it was 
the fact, so he was informed, .that the first concrete 
vessels were built in Italy, but they were of very small 
dimensions and of no commercial value. In fact, some 
of them were small rowing boats. The largest concrete 
nglish waters was a barge of 
a little over 400 tons, and this was the only one which 
had so far been launched. Answering further questions 
he stated that the first reinforced concrete ship con- 
structed in the United States was launched at San 
Francisco some six weeks ago. This vessel had a dead- 
weight carrying capacity of 5,000 tons, but beyond 
this vessel no other of the same material had been 
} 





to use curves plotted to angles of emergence and that 
he had found the curves most useful in many cases. 
The object in reversing the parts of the instrument in 
their new model was to bring all the adjustments within 
reach of the observer's right hand. 

Professor Lees emphasised the importance of close 
co-operation between the users and manufacturers in 
order to evolve the most satisfactory instruments for 
work of high accuracy. 

Mr. L. C. Martin (communicated remarks) thought the 
setting of the Pulfrich refractometer must be more 
sensitive to errors from causes such as radiation, &c., 
than the symmetrical setting of the ordinary spectro- 
ineter. 

Mr. W. French (communicated remarks on Mr. Simeon’s 
paper) thought it would be useful if the author extended 
the paper to cover the factors that determine the accuracy 
in the actual use of the instrument in addition to those 
governing the first design. 

A paper, entitled “‘ Cohesion” (fourth paper), by 
Professor Herbert Chatley, was taken as read. The 
paper is the fourth of a series dealing with the subject 
of ion. The aim of the present paper is to consider 
the value of molecular force as indicated by Van der Waals 
gee formula (particularly at the critical state where the 
iquid and gaseous states merge), and to relate the results 


to the previous in ° 
Dr. 8. mel (communicated) : > pe paper, 
pointed out a num’ interesting 
relations mine on the equation of Van der Waals. 





It is more than doubtful whether any ae to found 
a theory on purely central attractions and repulsions 


No vessel built of reinforced concrete had so 
far reached this country from the United States, and it 
was unlikely that the vessel which he had already 
referred to would be sent to the United Kingdom. 
Should it be found possible to send such a vessel across 
the Atlantic, every advantage would be taken of such 
a voyage in order to submit the vessel to a practical test 
and to obtain such information as would enable con- 
struction of vessels of similar types to proceed as rapidly 
as possible. Full particulars of the vessel had been 
received in this country, and full advantage was being 
taken of this information. Every encouragement was 
being given by the Admiralty to this new industry, 
several newly-formed yards having been laid down 
race | for constructing concrete craft, while existing 

ipyards had been encouraged to form branch establish- 
ments for the same purpose without interference with the 
building of steel vessels. Whilst it was true that at 
present no vessels of more than 1,000 tons were being 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Hull Coal Trade.—During the month of April, 201,055 
tons of coal were imported to Hull, as against 203,031 
tons in the corresponding month last year, a decrease of 
1,976 tons. The receipts for the four months ended 
March 31 last Seed to 859,621 tons, compared with 
931,746 tons in the same period twelve months ago, 
a decline of 72,125 tons. Denaby and Cadehy Main 
heads the April imports list with 21,092 tons, making the 

total amount for that colliery this, year 95,133 tons. 


Works Extensions.— Notwithstanding the fact that 
the ranks of labour continue to be ireely drawn upon for 
Army recruits, and that similar projects in the city are 
being retarded by the scarcity of men, Sheffield firms 
continue to submit plans of works extensions to the 
corporation for approval. 


Whitesuntide Holidays.—Except in cases where work 
of ‘. importance is being done, the usual holiday 
will be observed at Whitsuntide. That means that 
probably a — portion of the local army of labour 
will = first respite since Christmas, the Easter 
holiday being at the last minute withdrawn in most 
firms, in consequence of the sudden development of the 
German offensive. 


Iron and Steel.—While conditions remain exceedingly 
brisk in most departments specially concerned with 
material for the prosecution of the war, there is a pro- 

d slackn in purely commercial trade. The 
output of steel for tanks, aircraft and shipbuilding 
continues to employ the entire resources of makers. 
The home calls for high-speed steel are active, but they 
are not anything like equal to the amount which is 
being produced. Freer export facilities would bring 
about a welcome improvement in this respect, and such 
facilities would quivabbetity prove acceptable from a 
purely commercial standpoint. But the authorities show 
no inclination to remove the embargo on overseas trade. 
So ee the restrictions, that they interfere with 
urgent orders which are sanctioned for Allied countries. 
Delivery of these orders is being continually delayed 
by the tardy appearance of the official permission, 
without which they cannot be shipped. Dissatisfaction 
continues to be caused by the way in which raw materials 
are coming to hand. The cause of the trouble is not so 
much that there is not a supply as that the facilities for 
transporting it to makers are ill-managed. 


South Yorkshire Coal.—Supplies in all departments 
are markedly inadequate. Output, which has been 
considerably affected by army recruiting among miners, 
continues to decrease, and should the volume diminish 
much further, as there are signs that it will undoubtedly 
diminish, the question of supplies will become very 
serious indeed. This applies to all consumers of fuel, 
and there is the greatest need for every possible economy 
being practised. Best steams are in great demand both 
for home consumption and export. Cobbles, nuts and 
slacks are all firmly held, and household sorts are actively 
sought. Cokes of allsorts are scarce, and prices generally 
are at the maxima. Most of the orders despatched from 
collieries, with as much expedition as the transport 
facilities will permit, are on contract account, there being 

ractically no “free” fuel offering. Quotations :— 
t branch handpicked, 238. to 248.; Barnsley best 
Silkstone, 238. to 23s. 6d.; Derbyshire best brights, 
218. to 22s.; Derbyshire house coal, 18s. 6d. to 198. 6d. ; 
best large nuts, 18s. 6d. to 19s. 6d. ; small nuts, 17s. 6d. 
to 18s. 6d.; Yorkshire hards, 18s. 6d. to 19s. 6d. ; 
Derbyshire hards, 17s. 9d. to 188. 9d. ; best slacks, 14s. 
to 14s. 6d. ; seconds, 13s. to 13s. 6d. ; smalls, 9s. to 10¢., 
per ton at the pit. 








ENGINEERS’ AND Macurnists’ Smartt Toors.—The 
Minister of Munitions has ordered as follows : No person 
shall, on or after the first day of June, 1918, until further 
notice, manufacture any small tool as stated in a list 
attached to the Order, or any part of such tool, except 
under and in accordance with the terms of a licence 
issued under the authority of the Minister of Munitions. 
Every person engaged in the manufacture of small tools 
shall make such returns with regard to his business as 
shall from time to time be required by or under the 
authority of the Minister of Munitions. All applications 
for licences under this Order shall be addressed to the 
Controller of Machine Tools, Charing Cross Buildings, 
London, W.C. 2, and marked “‘ Small Tools.” 





Purcuase By GOVERNMENT OF AUSTRALIAN ZINC 
ConcENTRATES.—An agreement has recently been made 
between the President of the Board of Trade, repre- 
senting His Majesty’s Government, and the Zinc 
Producers’ Association Proprietary, Limited, of Australia, 
for the purchase by Government of the stocks of 
Australian zine concentrates existing at December 31, 
1917, less reserves, and, subject to the reasonable pro- 
tection of Australian requirements, the production from 
J y 1, 1918, to the maximum extent of 250,000 fons 





constructed to the order of the Admiralty, it should not 
be forgotten that there was a very urgent demand for 
vessels of smal] tonnage which could be rapidly con- 
structed. In view of this it was decided to concentrate 
on the smaller craft until more experience had been 
obtained as to the construction of such craft and, what 
was of much more importance, as to their behaviour 
when at sea. 





* Sutherland, Phil. Mag.. vol. xxiv. page 113, page 
168, 1887; vol. xxxv. page 211, 1893. 
+ Lewis, Phil. Mag., vol. xxviii, page 104, 1914. 
t Eddi , Nature, vol. ci, page 15, 1918. 





per annum for the period of the war and one year there- 
after, and 300,000 tons per annum for the subsequent 
nine years. His Majesty’s Government also secures an 
option over the balance of production subject to certain 
reservations, such as provision for the ——— of 
Australian zinc-refining works and the ent of 
existing contracts. The A — = 
earlier agreement by enlarging t quantity an 

modifying the purchase terms, provides for a “flat 


rate” of prices up to the end of five years after the war. 
For the remainder of the period prices will be determined 
by market conditions with 

period as a minimum. 


the “flat rate ’ of the earlier 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade—While the demands for steel, 
both finished and semifinished, show no signs of diminu- 
tion, evidence is not wanting to show that now, even 
with the various drawbacks which manufacturers have 
to encounter, these demands are being met in a particu- 
larly satisfactory manner. This does not mean that any 
slacking off in production is at all probable, quite the 
contrary, for every rolling mill is employed to its fullest 
capacity, and the output in the whole district as well 
maintained as labour conditions will permit. The 
sho - of workers is still a serious problem not easy of 
solution, and, in addition, supplies of raw material are 
not always forthcoming in ient ag Despite 
these barriers, however, ship and iler plates and 
sections are being delivered to the shipyards in an ever- 
increasing tonnage, and all kinds of constructional 
material for the locomotive works, munition factories 
and ag engineering shops. Some shipments of a 
strictly limited nature are being tehed to the 
French Government for war , but beyond this 
and a small tonnage to the Indian Government, no export 
is being attem . 

Malleable Iron Trade.—Everything produced by the 
malleable iron makers, alike of their iron and their steel 
departments, is promptly absorbed on war account, 
and the bar mills are running incessantly day and night. 
Naturally, the output is most extensive, yet so great is 
the demand of the home consumers that nothing remains 
on the market, or is available for export—work of 
national importance has first claim. 


Scotch Pig-Iron Trade.—Production of 
limited alone by the ntity of ore obtainable and the 
labour at the command of the smelters. Were it possible 
to have these two sources of supply augmented there 
could be no question regarding an increased output. 
All the same, this has now reached a very high level, 
although the requirements of the iron and steel works 
continue to be in excess of even this extensive pro- 
duction. The necessities of consumers are urgent in the 
extreme, and with the Government rationing scheme now 
in vogue each is dealt with and supplied according to the 
urgency of the case. Government contracts havin 
first claim, the general mercantile trade has to stan 
aside, andso also has export. Although home prices are 
still fixed, some little latitude has crept in. 


Wages Claim by Clyde Shipwrights.—An interesting 
point has just been settled by Sheriff Fyfe in regard to a 
claim made by the Shipwrights’ Trade Society, at the 
Glasgow Munitions Tribunal. About two and a half 
years ago objection was taken by the shipwrights to 
the system of payment by results and, to meet their 
demands, the employers took the whole question into 
consideration, evolving a scheme, —— one of 
premium bonus, which was accepted by the men. This 
worked quite satisfactorily until February of this year, 
when the men demanded the 12} per cent. bonus granted 
to time workers in October, 1917. The 12} per cent. 
advance was then acceded to them and the other 
allowance dropped, and the Sheriff has now decreed 
that the men are not entitled to both. 


ig-iron is 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—With the supply of trucks 
still steadily improving, and Cleveland pig-iron quite 
plentiful, distribution of iron to home consumers is 
expanding, and this month’s deliveries promise to be 
heavy. Contracts for found uality under the original 
allocations for May have ac made, but supple- 
mentary allotments are looked for. A rather extensive 
business in forge iron is passing both for early and forward 
delivery. This description does not come under the 
allocation system. Forge thus finds a ready market, 
and is being delivered freely. Foreign trade is confined 
to transactions with France and Italy, but whilst ship- 
ments to the former are well maintained, exports to 
Italy are on a very limited scale. For home con- 
sumption, No. 3 Cleveland pig-iron, No. 4 foundry and 
No. 4 forge all stand at 95s., and No. 1 is 99s.; and for 
shipment to the Allies, No. 3 and the lower qualities are 
quoted 114s., and No. 1 119s. 


Hematite Iron.—The tonnage situation does not admit 
of much hematite iron being shipped, but home con- 
sumers are receiving adequate su Fine, without, however, 
leaving them with opportunity for accumulating stock. 
Use of basic iron and scrap, in the manufacture of steel, 
is now heavy, and is still increasing, so that the hematite 
oy promises further to improve. Mixed Nos. of 

it Coast hematite are 122s. 6d. for home use, and 
1478. 6d. for export to France and Italy. 


Manufactured Iron and Steel.—As regards the manu- 
factured iron and steel trade there is no relaxation of 
pressure. Output of material for the shipyards con- 
tinues on a huge scale, but it is gratifying to learn that 
in this department needs have been overtaken, so that 
producers are in a better position to cope with the heavy 
accumulation of other orders. Government requite- 
— meget still absorb = attention of manu- 
acturers, and opportunit transacti ordinary 
— business i no better. a all round, are 
very stiff. ‘co home customers the following are among 
the principal market quotations : on iron bars, 
131. 178. 6d.; best bars, 141. 58.; best best bars, 
141. 12s. 6d. ; iron ship plates 15/. 10s. ; iron ship angles, 
131. 17s. 6d.: steel ship nay lll. 108. ; steel ship 
angles, 111, 2y, 6d.; steel boiler plates, 127. 10s.; steel 
joists, 112. 2s. 6d.; steel strip, 171. 10s.; steel hoops, 





181. ; heavy sections of steel rails, 101. 178. 6d. ~—— 
prices are not fixed, but they run approximately from 
40s. to 60s. above home rates. 


Coke.—Up to the present the large demand for coke 
has been satisfactorily met, but signs are not wanting 
of difficulty in maintaining adequate supplies in the 
immediate future. Quotations are strong. Average 
blast-furnace coke is 33s. at the ovens, low phosphorus 
sort 35s. 6d. at the ovens, and foundry kind 38s, for home 
use; whilst for shipment to neutrals nothing below 50s. 
is asked for both furnace and foundry coke. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—On the coal market this week 
the matter of chief concern has been the sho in the 
supply of coal. There is now less labour employed in 
the coalfield than at any time since the outbreak of war, 
but as against this diminution in the supply of labour 
there has been a more than com ting increase in 
demand for coal, and if the miners were working up to 
their opportunities the quantity of coal produced just 
now ought to be over, say, monthly periods, quite as 
great as, if not greater than, it was n employment 
was irregular. The complaints of salesmen is that 
there is much needless absenteeism. How much of this 
is deliberate it is impossible to say; but there is no 
excuse for the younger men to abstain from work when 
their fellow workmen are being called up for examination 
for military service, and from this cause alone there is an 
appreciable loss of production. The ‘suggestion can 
hardly be credited that in such an emergency as the 

resent there is calculated ca’ cannyism in the coalfield ; 
ut the position on the labour side is generally ver 
unsatisfactory and the hope is expressed that there will 
be no loss of time in putting into force measures which 
will secure the maximum output ible so long as the 
mand remains favourable. Ah classes of coal are 
scarce, and very little is being shipped to neutral destina- 
tions, and no instance has yet reported of the 
yment of prices above the scheduled figures for such 
inations. 

Newport.—The shortage in the supply of coal continues, 
and it is regrettable that through avoidable causes 
See in the Eastern and Western Valleys of 

onmouthshire is being restricted. The Tredegar 
Collieries are still idle and the workmen at the Prince 
of Wales’ Pit of the Ebbw Vale Company were idle on 
Monday and Tuesday as a protest against altered train 
service. The demand for inland consumption is strong, 
and there is evid that h holders are taking more 
than is customary at this period of the year. 


Further Suspension of Coal Allocation Scheme,— 
At a meeting of the South Wales Coal and Coke Supplies 
Committee yesterday it was decided that under the 
allocation scheme all colliery companies in the coalfield 
are to be permitted to work the fullest possible output 
in the four weeks May 11 to June 8 inclusive. is 
means really the suspension of the scheme for the alloca- 
tion of orders for the period indicated. 


Distribution of Coal to South-Western Counties.—The 
scheme prepared by the South Wales Coal and Coke 
Supplies Committee for the distribution of Monmouth- 
shire and South Wales coal by water and by rail to the 
South-Western Counties (Area No. 13) has now received 
the sanction of the Coal Controller, at whose request 
it was prepared. For some time past traffic between 
South Wales and the South-Western Counties has been in 
a state of congestion and the purpose of the new scheme 
is to relieve overburdened condition of the railwa 
by a more systematic despatch of coal by rail and t 
shipment of a larger B awe ae by trows. The main 
feature of the scheme is division of the South-Western 
Counties (known as Area 13 under the transport re- 
organization scheme) into six zones with a central office 
at Cardiff to deal with all orders in conjunction with the 
Cardiff Coal and Coke Supplies Committee. In each of 
these zones there has been appointed a representative 
who is a coal factor. All orders for deliveries will be sent 
by the consumer to the factor, merchant or collie 
company from whom supplies were previously entebeds 

factor, merchant or colliery company will then 
send the order to the representative for the zone in which 
the station is situate at which the coal is required, and 
he, in his turn, will transmit it to the central office at 
Cardiff. The coals to be sent by trow will be mainly 
steam and manufacturing descriptions, while in regard 
to the despatch of house coal an important change, and 
one calculated to effect considerable economy in trans- 
ports is that by which, orders will be executed in train 

from individual collieries and not in relatively small 
isolated quantities as has hitherto been the case. Railway 
locomotive coal by rail, coals sent to Government 
factories by rail, and Admiralty coal, are excluded from 
the scheme. One uniform price of 25s. per ton at pit is 
to be paid for all South Wales and Monmouthshire coal 
for ld after June 1, whether sent by rail 
or water ar under contract or other- 





wise. 
Coke Supplies Committee acting under the of 
the Coal troller. 





Personat.—The Tudor Accumulator Company, 
Limited, of 3, Central Buil Matthew Parker-street, 
Westminster, 8.W. 1, have of the iness in 


rail welding hitherto carried on by them, to their 
managing director, Mr. Edwin Jacob, who will continue 
the business on his own account as “ The Rail Welding 
Company.’ 


r supplied 
The controlling authority will be the Coal and | PiPe* 
direction 


NOTICES OF MEETINGS. 


Tae Instirvution oF ExxctricAL ENGINEERS.— 
Thursday, May 23, at 6 p.m., at the Institution of Civil 
Engineers, Great George-street, Westminster, 8.W. 
(Light refreshments at 5.30 p.m.) “Some Transient 
Phenomena in Electrical Supply Systems,” by Professor 
E. W. Marchant, Member. 

Tae Royat Instirvution or Great Brrrarw.— 
Friday, May 24, at 5.30 p.m., a discourse will be delivered 
by Lieutenant-Colonel A. G. Hadcock, R.A., F.R.S. 

subject will be “Internal Ballistics.” Afternoon 
Lectures at 3 p.m.:—Tuesday, May 21: Professor 
Arthur Keith, M.D., F.R.S., Fullerian Professor of 
Physiology, Royal Institution, on ‘‘ A Master of Method 
—Pitt-Rivers” (Lecture V). Thursday, May 23, 
Lieutenant-Colone! Sir Francis Younghusband, K.C.8.1. 
K.C.LE., on “‘The Abode of Snow: Its Appearance, 
Inhabitants, and History” (Lecture 1). turday, 
May 25: Professor Charles J. Patten, M.D., 8c.D., on 





the | “ Problems in Bird Migration ” (Lecture I). 


Tae Junior Instirvution or Enornerrs.—Friday: 
May 24, at 7.30 p.m., at the Offices of the Institution, 
39, Victoria-street, Westminster, 8.W., an Extraordinary 
Resolution dealing with increase of subscriptions will be 
submitted. 





THE Atumintium Inpustry.—It was stated at the 
— meeting of the Aluminium Industry, Limited, 
euhausen, that the increase of the company’s capital, 
from 35,000,000 francs to 42,000,000 francs, from the gross 
profits, was only following the example of other 
aluminium works. Thus a French aluminium company 
had increased its capital during the war from 16,000,000 
francs to 40,000,000 francs, and finally to’ 80,000,000 
francs. With regard to the auxiliary companies of the 
Aluminium Industry, Limited, it was announced that, 
apart from unforeseen events, the aluminate deliveries 
from the Goldschmeden chemical works and the Martin 
works should, during the current year, cover the entire 
requirements of the company. 





TEMPERATURE CONTROL OF SUPERHEATED STEAM.— 
The temperature of the steam from a superheater 
depends upon so many variables that means for tempera- 
ture control have to be added to any design of a super- 
heater plant. The dryness of the steam leaving the 
boiler changes with the circulation and thus with the 
load. There is no reliable simple formula for the heat 
transmission from the flue gases to the steam, and the 
conditions of stoking influence the temperature and 
velocity of the gases and the steam to uncertain extonts. 
Reviewing this problem in a recent article (Zeitschrift 
Verein Deutscher Ingenieure, pages 883 to 888 and 921 
to 924, November 3 and 17, 1917), H. Huebner, of Cologne, 
distinguishes three types of temperature control, by the 
aid of dampers, by water cooling, and by varying the 
moisture content of the cntumaen steam. The damper 
control appears the most correct in principle, as it 

rotects the coil to be guarded against excessive super- 
ating (whilst the other methods rather try to correct 
mischief done), and is most largely in use. The usual 
swinging damper doors of cast-iron are heavy, however, 
and strain the settings; sliding doors of refractory 
materials have hence come into favour, or by-pass flues 
are provided through which part of the gases escape 
without entering the superheater; but the by- 
complicate the setting and must lower the boiler efficiency, 
even when the deflected gases are sent through an 
a Attention ep hp been directed ale 
second method, cooling of the superheated steam by the 
boiler water. In the Babcock and Wilcox device, one 
of the most efficient of this type, radiator pipes are 
placed in the boiler water, an my | are joined to the 
ter by a three-way valve, by means of which 
or part of the superheater steam may be sent through 
the cooling pipes and back into the system. In the Klose 
system the cooling or heat-exchanging pipes are so 
suspended by flexible tubes that ye Foy automatically 
submerged in the boiler water n the superheat 


exceeds @ certain limit ; the device comprises a thermo- 
stat with electric contacte and an electric motor. In the 
simpler device of the S&chsische brik, late 


A. mann, the cooling pipes lie in a drum which is 
charged with the warm feed water and from which the 
steam raised goes to the main boiler. Wedertz places 
the cooling tubes, through which boiler water flows, 
concentrically in the pipes of the end section of the 
superheater, which is thus pam —_— overheating. 
ee eee eee rae S saturated steam 
before it enters superheater. Steinmiiller attains 
this by the aid of a by-pass and a Dubiau pump, beneath 
the bell of which a small portion of steam is caught ; 
this steam and some watef pass through a bundle of pipes 
into a shallow dish, from which a spray descends, which 
is carried up by the main steam from the front header. 
The Germaniawerft, again, makes use of cooler tubes 
which are concentrically mounted within the superheater 
and held in position there by a strip of sheet 
metal helically wound round the r tube; this tube 
serves as injector, however, and is provided with fine 
perforations (also in a helical line) through which water 
is forced the superheating becomes excessive and 
a valve is opened. Huebner also mentions the regulator 
of Walther and Co. which is to any but distilled 
webep fives meedihtg the DGS URED om nceke 
can be deposited in the superheater. The regulator is 
a small surface condenser, through the pipes of which 
feed water circulates, whilst steam from boiler passes 





over the pipes on its way to the steam-feeder for the 
superheater ; the saturation of this steam can b>» varied. 














550 ENGINEERING. [May 17, 19¥8. 








COAL-HANDLING PLANT AT THE SALTLEY GAS WORKS, BIRMINGHAM. 


CONSTRUCTED BY MESSRS. BABCOCK AND WILCOX, LIMITED, ENGINEERS, LONDON. 


(For Description, see Page 541.) 
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for a chance demand for this Journal. ' 
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INDUSTRIAL ACCIDENTS. 


Ir a good man struggling with adversity be a 
sight for the gods there must have been rousing 
times on Olympus whilst Dr. H. M. Vernon was 
preparing his last report to the Committee on the 
Health of Munition Workers.* In this report 
Dr. Vernon has attempted not merely a difficult but 
an impossible task, viz., to establish from a very 
limited set of data far-reaching general conclusions 
as to matters involving a large number of indepen- 
dent variables. 

In his previous reports Dr. Vernon has published 
some very valuable observations on such subjects 
as the connection between output and hours of 
labour, and it is greatly to be regretted that the 
present report has been framed on more ambitious 
lines. Honesty and intelligent industry suffice for 
the collection of data, but must be supplemented 
by other qualities, when such data are to be 
utilised for establishing effective generalisations. 
In the present instance the report will not add to 
the reputation of its author or to that of the 
department which in these days of paper shortage 
is not justified in issuing lengthy documents having 
little intrinsic value. 

The object of the investigation described in this 
report was to establish some correlation between 
accidents in workshops and such factors as fatigue, 
productivity, lighting, alcoholism and climatic 
conditions, The data were obtained from four 
factories, and the investigation in one case extended 
over 254 months, and over shorter periods in the 
case of the others. The results are for the most 
part very erratic, and the only generalisations 
which seem fairly well established are that accidents 
are fewer on night work than on day work and that 
cold weather tends to increase the number. The 
reporter, however, by introducing what he considers 
to be plausible assumptions as to the effect of 
factors for which data are lacking, arrives at very 
far-reaching conclusions indeed, and these conclu- 
sions are not put forward as provisional, pending 
the collection of more adequate data, but as verities 


2 | positively demonstrated. The whole treatment of 


the subject is, in short, unscientific. 

The report asserts that “speed of production is 
the essential factor in’ accident causation,” that 
“a 10 per cent. speeding-up may well induce an 
increase of 50 per cent. to 100 per cent. in the 
number of accidents ” ; yet the statistics given show 
that whilst production during the night shift ex- 
ceeded that of the day shift the number of accidents 
wasless. Were Dr. Vernon’s conclusion really demon- 
strated the position would indeed be serious. We 
have yet to learn, however, that the accident rate in 


562|the Ford factories is in any way abnormally high. 





* An coeentigntinn of the factors concerned in the 
causation of ustrial accidents. Cd. 9046. Published 
by His Majesty’s Stationery Office. Price 6d. 


In view of the animus with which the Ford system 
is regarded in certain quarters, such an alarming 
connection between speeding-up and accident 
rates could gg hee escaped the notice of Mr. 
Ford’s critics. ver, there are in this country 
two large factories employing each about the same 
number of hands and both turning out 9-2-in. 
shells. In the one staffed by women the output 
of these heavy shells is nearly double that of the 
rival factory, and if Dr. Vernon's view be correct 
the accident rate amongst the women must be ex- 
tremely serious. Comparative data as to these two 
cases could probably be supplied him at the Ministry 
of Munitions, and the results would form a far more 
reliable basis for a generalisation than the con- 
flicting results of his own inquiry. As a ‘matter of 
fact, there is at least a priori reason for believing 
that one effect of speeding-up will be a reduction of 
the accident rate. Thus a well-known engineer 
increased the output of a shell factory by some 
50 per cent. to 100 per cent. simply by arranging 
that the blanks were delivered to the lathe hands 
at hand height in place of at floor level. In another 
case, a very large increase in production was effected 
in a heavy shell works simply by putting the 
labourers “on piece.” Each gang of labourers had 
a certain set of machines assigned to it and was 
paid on the number of shells produced. As a 
consequence the men gave thought to their work 
and took care that no machine ever stood idle for 
defect of material or for lack of assistance in 
chucking the blanks. To ensure that the machines 
and their surroundings were kept in proper condition 
the management reserved the right to add further 
men to the gang in case of neglect, thus raising the 
number amongst which the gang earnings had to be 
divided. The increase in output thus obtained 
was very large, but there is no reason for believing 
that the accident rate, consequent on this speeding- 
up, was even proportionate to this increase of output, 
let alone being from three to five times as much, 
4 Dr. Vernon assumes from a contemplation of his 
ta. 

It is, of course, highly probable that overstrain 
is a cause of accidents, but there is no necessary 
connection between overstrain and productivity. 
The maximum of output is not attained by over- 
driving men, but by applying thought to ease their 
tasks. In some previous reports, Dr. Vernon has 
shown that production increased in many cases 
when the hours of labour were reduced. The most 
notable case was that of a woman who refused to 
overstrain herself by working the long hours and 
overtime demanded by the management. Never- 
theless, on a month’s test this woman showed a 
higher output than any other employee. If this 
speedy worker suffered more accidents than her 
rivals, Dr. Vernon failed to note the fact in his 
report, ; 

Dr. Vernon again asserts that there is a con- 
nection between alcoholic indulgence and the 
accident rate. This is almost certainly true, but it 
does not follow directly from the data given in his 
report. As a matter of fact, after the reduction of 
supplies of alcohol in 1917 the rate of accidents 
actually increased, and to bring the facts into accord 
with his theory, the reporter has to make hypotheses 
as to the possible habits of the workers. short, 
throughout the whole report, if the apparent effect 
of the figures is in disaccord with the reporter’s 
predilections, some hypothesis to discount the 
discrepancy is always forthcoming. ex- 
patiated years ago on the virtues of the scientific 
use of the imagination; but he would hardly have 
approved of Dr. Vernon’s attempt to exemplify 
the art. 

The lack of a scientific habit of mind is clearly 
shown in the reporter’s assertion that “no doubt 
the less alcohol the worker consumes the better it 
is for the quality and quantity of his work.” As 
regards quantity we believe Dr. Vernon is correct. 
When long hours have to be worked on breakdown 
jobs it is often observed that the teetotaller outlasts 
the non-abstainer, but there is a distinct lack of 
evidence that abstinence and the highest of 
excellence in quality are commonly associated. In 
fact, the works manager often complains that 
his best workman, the man who can tackle. jobs 





beyond the skill of any other employé is, 
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unfortunately, given to drink. In fact, quality is a 
matter not of manual dexterity or of endurance, 
but of mind. The experimental investigation 
carried out at the Carnegie Institute in 1915 showed 
that whilst small doses of alcohol “depressed the 
simplest reflex actions, such as the knee jerk, the 
more complex the neural arc involved the less was 
this effect manifested, whilst in operations involving 
mental work and memory the effect was either nil 
or an improvement was noted.”* Even as regards 
matters involving the co-ordination of eye and hand 
it is noteworthy that Dr. W. G. Grace, though a 
non-smoker, was not a total abstainer, and in purely 
intellectual matters the acme of quality is seldom 
or never associated with total abstinence. 

This criticism has been introduced not in defence 
of the “Trade” but to illustrate the reporter's 
unscientific habit of mind which inclines him to make 
positive statements which are unsubstantiated by 
the evidence which he adduces in his report. His 
previous re we have welcomed as valuable 
contributions to our stock of carefully verified data, 
and we hope to have to thank Dr. Vernon for much 
additional matter of this kind in the future. 





SILICON AND CARBON. 

THE difficulties of the physicist engaged in 
unravelling the structure of the atom will not 
diminish as his study advances. When the elements 
are arranged according to their atomic weights, in 
horizontal rows, each of eight elements mostly, the 
members of the natural groups, endowed with 
similar properties, fall into the same vertical 
columns. The alkali metals form one of the most 
characteristic groups, the \halogens—fluorine, chlo- 
rine, bromine, iodine—another. As each atom of 
a halogen can replace one atom of hydrogen, they 
are generally considered univalent; but the 
chemists know puzzling compounds of the halogens 
with one another and with other elements, which 
suggest a maximum valency of seven. Similar rela- 
tions hold for other groups ; valencies are variable 
and often uncertain, and the chemist accordingly 
distinguishes various classes of compounds in which 
the same element appears of different valencies. 
Carbon and silicon belong to another natural group, 
which, further, comprises titanium and germanium 
and the metals of the rare earths, zirconium and 
cerium, between which tin stands ; these elements 
are considered quadrivalent. The similarity between 
carbon and silicon has already been pointed out by 
Wohler ; its importance has long been recognised 
by metallurgists, and in the last decades a large 
number of organic silicon compounds have been 
prepared, so strongly resembling carbon compounds, 
that “silicon organisms” have been thought of, 
consisting largely of silicon in the sense that most 
organisms are chiefly built up of carbon. In this 
country, Professor Stanley Kipping, of Nottingham, 
received the Longstaft Medal of the Chemical Society 
for his share in this work. There is the additional 
parallel that the external skeletons of the coral 
polypes and many other organisms, are essentially 
carbonates, whilst in some sponges, &c., silicates or 
silicic acid itself form the skeleton material. When 
we look closer into this relationship, however, as 
Professor Alfred Stock, of Berlin, has recently done, 
we meet with both remarkable analyses and strange 
discrepancies. 

When we examine the hydrides, binary com- 
pounds of an element with hydrogen, in the first 
instance, we are struck with the great variety of 
well-known hydro-carbons, saturated and unsatu- 
rated, of different types ( ffins, olefines, benzenes, 
&e.). Silicon, simi , forms hydrides SiH,, 
Si,H,, Si,H,, Si,,H,, &c., but, with the exception 
of SiH, (which corresponds to methane), all these 
hydrides are very unstable, and catch fire spon- 
taneously. Silicon carbide, SiC, so useful as an 
abrasive and material is, on the other 
hand, ver, stable and when we substitute hydro- 
carbon radicles for hydrogen in the silicon hydrides, 
we obtain compounds like Si.C,H,.C,H,.C,H,.C,H,, 
a smell and behave like constituents. 

compound §i ( ), 18, indeed, distinguished 
an extraordinarily hi Sites Gann oot ent 
distilled above 550 deg. C. without decomposing, 


* Nature, August 3, 1916, page 465. 








These compounds, moreover, can be nitrated, sul- 
phonated, &c., and are even known in the asym- 
metric, optically active, condition. The halogen 
compounds of silicon are more stable than the 
hydrides, but the silicon compounds of the amine 
class (ammonia, whose H is replaced by carbon 
radicles) are decomposed by contact with water. 
When two silicon atoms come together in the same 
molecule, the analogy with carbon again fails. 
Carbon readily enters into long chains or closed 
cycles (rings), in which one C is linked, by one or 
more bonds, with another C, but only few and un- 
stable Si compounds of this kind are known. On the 
other hand, the affinity of silicon for oxygen is very 
strong, and there are plenty of organic silicon 
hydroxyls of the alcohol type, though few containing 
something akin to the carboxyl group CO-OH. The 
dioxide silica, SiO, is the anhydride of silicic acid, 
analogous to CO,, the anhydride of the hypothetical 
carbonic acid (unknown in the free state); but it 
is very doubtful whether any of the silicates—and 
silica itself—consist of single molecules, whilst the 
carbonates are mono-molecular. The compound 
Si-O-Si seems to differ from Si-Si, which, as we 
mentioned, does not appear to form chains by the 
union of several molecules, inasmuch as it poly- 
merises readily, and this tendency to polymerise 
may account for the high melting points of silica 
and of silicates. 

As regards valency, both carbon and silicon have 
apparently the same maximum valency 4 for both 
electro-negative and_ electro-positive elements. 
Whilst, however, the affinity of carbon for negative 
and for positive elements is of much the same order 
—carbon is indeed conspicuous among the elements 
in this respect—silicon shows a decided preference 
for electro-negative elements and groups, such as 
oxygen, the halogens and organic radicles. Barlow 
and Pope, however, have questioned the quadri- 
valency of carbon, and Jerusalem did not confirm 
the assumed isomorphism of crystallised carbon and 
silicon compounds. The Réntgen-ray examination 
again supports the analogy; there seems to be 
agreement between the space lattices of crystallised 
carbon (diamonds) and silicon; whether the 
analogy extends to the amorphous modifications 
of the two elements is not yet known. 

The pronounced affinity of silicon for oxygen, 
and the circumstance that silicon dioxide, SiO,, 
after once having been liberated in the gelatinous 
condition, and dried to gritty sand, is very inert 
and practically insoluble, whilst the corresponding 
carbon dioxide, CO,, is gaseous and easily reducible, 
may prove a sufficiently strong bar to the develop- 
ment of any “organic silicon world.” The plant 
inhales CO, and converts it into living matter ; the 
SiO, absorbed by the animal system finds its way 
into the hairs, feathers, scales, and other parts of 
the external skeleton, which are not constantly 
being resorbed and reformed like the bones and 
tissues. Thus, the relative irreversibility of the 
silicon reactions limits their utilisation. Yet the 
preparation of intermediate silicon hydrocarbons 
might conceivably attain in scientific ways, what 
cracking processes attain by crude, wasteful 
methods. We are not aware that such processes 
have as yet been technically tried. 





FIRING WITH COAL DUST. 

Many attempts have been made in the past to 
utilise coal dust as fuel. The Crampton furnaces 
experimented with at Woolwich in 1873 may be 
recalled in this connection. One of the difficulties 
there met with was, we believe, the rapid wear 
of the furnace linings. Of recent years powdered 
coal has, of course, become the recognised standard 
fuel used for rotary Portland cement kilns. Origin- 
ally, natural or producer gas was used, and later oil, 
but ultimately powdered coal ousted these com- 
petitors. At present the consumption of pulverised 
coal in the Portland cement furnaces of America 
is said to amount to about 6,000,000 tons annually. 
Part of the success of this form of fuel in the cement 
industry is possibly due to the circumstance that 
cement makers being accustomed to fine grinding, 
were ready to properly pulverise the coal before 
attempting to use it as fuel. Certainly, whatever 
the cause the cement industry has been the first in 





which dust fuel has proved an unqualified success. 
The experience gained here has, moreover, led to 
the introduction of the system into other industries, 
some 2,000,000 tons being used annually in American 
steel works and about, three-fourths as much in 
copper smelting works. It is also being largely 
used for desulphurising and roastirg ores in 
rotary kilns. Attempts are now being made in 
America to use dust fuel also for steam raising. 
In essentials this scheme is, of course, not new. 
The Perret system of burning dust fuel was fairly 
well known 20 years ago, but failed to develope. 
More recently, very good reports have been received 
as to the working of the Bettington boiler at the 
Johannesburg municipal power plant though the 
net boiler efficiency here proved to be a little less 
than that of the ordinary water tube boiler with 
which it was compared. Yet the difference was 
not great and was to a large extent set off by the 
time saved in raising steam on emergencies. The 
Bettington boiler, as is well known, is of a somewhat 
special construction, but in the American installa- 
tions boilers of a less specialised design are now 
being fired with dust fuel. The introduction of this 
method of firing was facilitated here by the fact that 
many boilers had been erected with the intention of 
operating them either with natural gas or with 
crude oil. When difficulties arose as to further 
supplies of these fuels, it was natural to try and find 
a substitute which could be used without too revolu- 
tionary changes in the furnaces and stokehold con- 
ditions. A typical instance is provided by the 
power house at Parsons of the Missouri, Kansas and 
Texas Railway. The eight 250 h.p. water tube 
boilers installed here were originally operated with 
natural gas or crude oil. When this became scarce, 
the only coals available were of somewhat low 
quality containing much moisture and much ash. 
It was found, however, that in spite of this they 
could be used satisfactorily in the form of dust 
and a complete equipment for pulverising and 
drying the coal was accordingly installed by the 
Fuller Engineering Company of Allentown, Penn- 
sylvania, and was set to work in the summer of 
1916. The results have, it is stated, been most 
satisfactory. 

The pulverising and drying plant is arranged in a 
separate building. After a first crushing the coal is 
passed through a magnetic separator to take out 
casual pieces of iron or steel which might otherwise 
cause injury to the fine crushing plant. The material 
as received from this separator undergoes a further 
rough crushing and is then dried in an independently 
fired kiln, after which it passes to the fine crushers 
which reduce it to a state such that 95 per cent. of it 
will pass through a 100 mesh screen. In this 
condition Mr. Barnhurst, Engineer to the Fuller 
Engineering Company, states that the coal weighs 
from 32 Ib. to 38 lb. per cubic ft. and will flow 
almost like a fluid. It is best handled by screw 
conveyors running in dust proof ducts. The wear 
of these conveyors is said to be small as the coal 
has itself lubricating properties. About 17 h.p. 
hours per ton of coal treated are expended in the 
crushing, drying and elevating machinery. The 
furnace in which dust fuel is to be burnt must, 
Mr. Barnhurst states, be of very ample capacity. 
This is required for two reasons. In the first place 
to ensure that the fuel stays in the furnace long 
enough to be completely consumed ; but a second 
consideration, and one of greater importance, is that 
if the furnace is cramped the linings will be cut 
away by the high velocity of the gases. 

At the Kansas plant the volume of the furnaces 
was increased by building an extension to the front 
of each boiler. The fuel is fed into the furnaces by 
a blast supplied by a blower under a pressure of 
4 to } oz., additional air being drawn in by the 
inductive action of this high velocity jet. Each 
blower is driven by a 10 h.p. motor. Absolutely 
smokeless combustion is secured. According to 
Mr. Barnhurst almost any kind of coal can be used, 
but some of the lignites require a great deal of 
drying. The best results are obtained with coals 
having less than 10 per cent. of ash, with volatile 
matter between 30 and 40 per cent., and with 
40 to 50 per cent. of fixed carbon. The sulphur 
content should be low, although coal containing as 
much as 4} to 5 per cent. ofsulphur has been success- 
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fully used for boiler firing. When the moisture does 
not exceed 5 per cent. to 10 per cent. some 25 Ib. 
to 35 lb. of fuel must be burnt for each ton dried. 





THE SPINNING TOP IN HARNESS. 

“To those who study the progress of exact science 
the common spinning top is a symbol of the labours 
and perplexities of men who had threaded success- 
fully the mazes of planetary motion.” With this 
quotation from Maxwell’s “ Dynamical Top,” 
Sir George Greenhill, F.R.S., on Friday, May 3, 
introduced his Royal Institution discourse on 
“The Spinning Top in Harness,” adding that the 
reference to planetary motion was, he feared, a sly 
dig at Newton. The subject of the spinning top is 
full of difficulty, but Sir George was able to deal 
with it in a way that was interesting both to the 
mathematician and also to the general members 
of his audience ; although he made use neither of the 
blackboard nor of formul#, yet he appealed to the 
former class by indicating a few lemmas in Poinsot’s 
style and in other ways, and to the latter by un- 
familiar demonstrations with apparatus. His tops 
were of large size, so that their motions could be 
followed from a distance, bicycle wheels of 28 in. 
and 52 in. diameter being used for the purpose. 
The former ran loose on a spindle or axle screwed 
into a short length of rifle barrel. The distant end of 
this barrel was connected (Fig. 1) to a fixed support 
by a universal joint which allowed it to move in all 
directions, so that the wheel could lie in a horizontal 
plane, or be raised into a vertical plane, or into any 
intermediate position. In fact, the bracket used 
to carry the universal joint was longer and narrower 
than that shown in the engraving, so that the wheel 
could be raised until its centre was very considerably 
above the centre of the joint. The wheel was first 
spun by hand until it attained a high circum- 
ferential velocity and then, when released, it ran 
steadily round in a circle, the axis being horizontal 
or nearly so. If during this progressing it received 
a slight push downwards, it followed an undula- 
ting path, rising and falling slightly and describing 
a series of cusps (Fig. 2). 

By a little care in manipulation a great variety of 
these curves could be produced. Similarly, if the 
axle were held at an ascending angle, and then 
were released with the wheel in rotation, the axle 
would gradually fall through a series of cusps or 
undulations, until, in one special case, it became 
horizontal. 

Before giving these demonstrations, Sir George 
had explained the general principles of the motion 
of a top. He had a 52-in. bicycle wheel running 
loose on a journal at the end of a bar. It might 
be likened to a Japanese umbrella, without its 
paper cover, loose on the stick. This was held by 
an assistant as a lady might hold an umbrella to 
protect herself from the attack of a fierce dog. 
When the wheel was raised, as the umbrella might 
be raised to protect the throat from the dog, the 
wheel went off automatically to the right unless 
prevented by a strong muscular effort. If the wheel 
was moved to the right, the axle automatically went 
downwards. This action, the lecturer said, had to 
be allowed for in the piloting of an aeroplane, since 
the propeller acted like the spinning wheel, and if 
the engine were.of the Gnome type it added to the 
gyrostatic effect. Putting the helm to port called 
up a couple tending to turn the head to starboard 
and to dip the nose of the machine. To turn the 
machine to starboard by utilising gyroscopic 
domination, a horizontal rudder had to be used 
and the helm be put down vertically. Thus the 
top in harness was like the Irish pig of Professor 
J. Perry, which could not be persuaded to accom- 
pany its master to the market except by steering 
him sideways into the ditch. Thissideway force was 
the gyroscopic term in electromagnetic equations. 

, Sir George stated that modern 
suggestions of automatic gyroscopic steering control 
of flying machines and torpedoes under water could 
be tested with the simple appliances shown. If the 
axle of the 28-in. wheel were horizontal and the 
wheel were spinning, the free projecting end of the 
axle could be held on one finger, and there was the 
Same pressure on the finger as if the wheel were at 
rest, no gyrostatic action being experienced. But 





if the axle were released gyrostatic action imme- 
diately developed, especially if he attempted to make 
the wheel swing in a vertical plane like an ordinary 
pendulum. “ Hurry the precession, and the top 
rises against gravity,” was the Kelvin rule, the 
secret of plate spinning. The cyclist steered 
intentionally into a smaller circle to recover the 
vertical position, and that went on incessantly ; 
a bicycle could not run straight. To show the 
effect of nutation on precession, Sir tried 
to beat the rim of the big wheel down with sticks 
when it was spinning about its vertical spindle ; 

that hardly made it flinch. But projecting the 
wheel the reverse way of natural precession set 
up violent disturbances. Repeating Maxwell’s 
experiment of “a top on the top of a top,” the 
lecturer detached the 28-in. wheel of his apparatus 
and placed its axle into a cup in the end of the ver- 
tical axle of the 52-in. wheel, both wheels having 


previously been set spinning in the same direction) 


about their vertical axes. Many links of such a 


gyrostatic chain would give a mechanical model of 


the electro-magnetic rotary polarisation of light, 
Fig.1. 
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Sir George remarked, and he had simplified, in his 
Report on Gyroscopic Theory of 1914, the elabo- 
rate mathematical investigation of these problems 
by Kelvin. 

Proceeding, the lecturer referred to the difference 
between statical and dynamical balance and 
stability. In statical equilibrium the centre of 
gravity sought the lowest position it could find ; 
in dynamical stability of balance it rose as high as 
it could. A top was said to sleep when spinning 
steadily upright. Man slept lying down, but for 
ease of progression he assumed the upright position, 
he carried rifle, knapsack, &c., as high as possible, 
and his progress was not more difficnlt when mounted 
on stilts. Confusion between statical and dynamical 
stability of balance had led to serious mistakes, 
e.g., ballasting a ship too low and thereby making 
it uneasy among waves, and widening the railway 
gauge in order to lower the boiler and carriage body 
between the rails; the centre of gravity of the 
modern locomotive was highup. The axial stability 
of flying bullets and shells was obtained by the 
gyroscopic action of the spin imparted to the pro- 
jectile by the rifling; no more spin should be 
given than was absolutely necessary, Sir 
insisted ; but the calculations were difficult. Even 
an arrow acquired a certain spin from the reaction 
between the air and the flexible feathers on its shaft. 
The Parsons turbine on board ship had to betreated 
on the gyroscopic theory ; rolling did not affect it, 
but the internal stresses due to pitching had to be 
investigated. Dynamos mounted with their axes 
across the ship squealed when the ship rolled. 
Heavy rolling could be cured by fitting bilge-keels 





to the ship, at a permanent loss of speed of a knot 
or two in all weathers. Schlick’s sea gyroscope did 
the same without sacrifice of speed and required 
little power. The gyroscope consisted of a heavy 
horizontal flywheel which was controlled by a 
hydraulic buffer in the line of the keel, the damping 
action of which was regulated by a valve to suit 
the period of the waves. But Schlick had felt 
annoyed, it was said, when his invention had been 
found more useful still in increasing. and main- 
taining ‘he rolling of an ice-breaker and of a ship 
working off a sand-bank. 

Atop spinning in a smooth cup would, the lecturer 
said, stand upright even if carried about with its 
cup. A polished mirror carried by such a top would 
show the mercurial horizon, as had been suggested 
by Serson in 1744. The Admiralty of that day had 
not crabbed the idea with the usual “* won’t work,” 
but had actually sent Serson out on the Victory, 
which was lost with all hands on the Casquets near 
Alderney. The idea had been revived by Fléuriais, 
whose gyroscopic horizon was said to give good 
results in skilful hands. The most important of 
these instruments, the gyroscopic compass, had 
been suggested by Sir William Thomson; it had 
required the mechanical skill of men like Anschiitz 


| and Sperry, however, to construct a steel flywheel, 


4 in. in diameter, spinning at 20,000 r.p.m. The 
axle of this compass sought to keep in the direction 
of the polar axis, and a card it carried pointed due 


| north undisturbed by magnetic variation ; if anyone 


pushed the card away from its course, however, it 


| would take an hour or more to swing back into place 


again. Dwelling, in his concluding remarks, on the 
greatest spinning top we know, the Earth, and its 
precession, Sir George mentioned that Lord Kelvin 
had on his yacht amused himself by steering his 
course on the lines of the advice which the nymph 
Calypso gave to Ulysses when about to set sail 

nm his raft from Gibraltar: “Never to let the 
Bear take a bath.” Ulysses would take his latitude 
and position with a piece of string, by holding one 
end up to the pole, sliding the other fingers to 
cover some well-known star and sweeping the hand - 
round to see if the star would graze the horizon ; the 
observation was repeated with another star. ‘But, 
owing to precession the pole had, since Homer’s 
days, described more than a tenth of its circuit of 
26,000 years, and Calypso’s rule would now land a 
sailor some 600 miles into Africa. 





NOTES. 
Tas Bour Mops. Arom. 

In a paper read before the American Institute of 
Electrical Engineers, Dr. A. C. Crehore gives the 
results of a critical examination of the Bohr model 
atom, taking into account certain factors neglected 
by Professor Bohr, and these he finds make necessary 
substantial modifications in the model, According 
to Bohr’s hypothesis an atom is a structure com- 
posed in part of a charge of positive electricity the 
centre of which is the geometric centre of the atom. 
This positive charge is extremely concentrated. 
Around this positive nucleus are rings of electrons 
describing approximately circular orbits, the 
diameters of these orbits being very large as com- 
pared with the size of the electron. The total 
positive charge at the centre is equal to the sum of 
all the charges of the revolving electrons, so that 
the atom as a whole is neutral. On Bohr’s theory 
an electron may move from one orbit to another, 
but the number of possible orbits is supposed to be 
limited, so that an electron having left one of these 
limited number of orbits, moves to another of these 
orbits in a sudden jump, and cannot revolve in an 
orbit of any intermediate diameter. In 
this passage the kinetic energy of the electron 
changes, and it is assumed that this change is in all 


George | cases an integral multiple of Planck’s quantum. 


The atoms thus radiate when they fall in 
towards the nucleus and absorb it if the transfer is 
effected in the opposite direction, There is no 
radiation at all so long as an electron does not 
change its orbit, Nig ce ling erp ee pelea 
— motion. Dr. Crehore has worked out the 
mathematical solution of the problem of 
finding the force that one electron revolving at a 
uniform rate in a circular orbit exerts upon a second 
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electron revolving in a different circular orbit. In 
the simplest case both electrons revolve in the same 
orbit at opposite ends of a diameter of the circle 
of which the positive nucleus is the centre. The 
total radial force on the electron, Dr. Crehore finds, 
is then expressed by three terms, one of which 
depends entirely on the motion of the ring. This 
term is a repulsive force varying inversely as the 
third power of the radius and directly as the fourth 
power of the velocity. The equilibrium is stable 
only when the radius is about 2 x 10-19 cm., or 
about ;}, of the value according to Bohr’s theory, 
in which the forces due to the motion of the rings 
of the electrons were neglected. 


Canapian Nicket-Coprer STEEL. 


The famous nickel-copper deposits of Sudbury, 
Ontario, Canada, at present the principal source 
of the world’s nickel, promise to provide us with 
nickel-copper steel, rivalling nickel-steel in many 
respects. That would be a great step in advance, 
and not only for Canada, which has not so far 
profited from its wealth in nickel ores to the 
extent it should profit. The deposits form a basin, 
36 miles long by 18 miles wide, which was discovered 
early in the ’eighties, when the Canadian Pacific 
Railway was cut, and are owned by several com- 
panies. The Canadian Copper Company, first 
established, sent its ores to the Orford Copper 
Company, of Constable Hook, New York, until the 
two amalgamated to the International Company, 
which has now a refinery at Port Colborne, 
Ontario. Later, the Mond Nickel Corporation and 
the British-American Nickel Corporation entered 
the field. The different companies work different 
processes, but they all practically stop at the 
production of a matte, which subsequently goes to 
the United States or to England. The ores are 
roasted in open heaps and smelted down to mixed 
sulphides of iron, copper and nickel; this matte 
is then Bessemerised to eliminate the iron and to 
obtain a final matte, richer in copper and nickel, 
retaining also the platinum and palladium and other 
precious metals of the ores. Many hundred tons 
of sulphur are burnt to waste per day in the roasting, 
the fumes desolating the district, and thousands of 
tons of iron pass into the slags. Numerous attempts 
have been made to produce alloys of nickel, copper 
and iron in the furnace. All the inventors, except 
Shuter, endeavoured to select ores poor in copper, 
being under the impression that copper was un- 
desirable in steel. Recently, we see from a paper 
read by Mr. R. W. Leonard before the Canadian 
Society of Civil Engineers, G. H. Clamer, of Phila- 
delphia, has used a mone! metal (a natural alloy 
of Ni-Cu from Sudbury ores) in the manufacture of 
a steel, which is utilised for making armour-piercing 
shells, and Mr. George M. Colvocoresses, late of the 
Orford Company, has succeeded, by patented 
processes, in smelting Sudbury ores, or the slags of 
the present processes, into nickel-copper steel 
(Nicu-steel), in which copper to a certain extent 
replaces nickel with the same or similar beneficial 
effects. The experiments of the latter were con- 
ducted in the plant of the Canada Cement Company, 
at Montreal, with 200 tons of ore and 40 tons of 
slag from Sudbury, under the supervision of Mr. 
H. A. Morin, a former colleague of Mr. Colvocoresses. 
The ores contained about 40 per cent. or 50 per 
cent. of iron, 3 per cent. or 4 per cent. of 
nickel, 1 per cent. or 1} per cent. of copper, 
25 per cent. to 30 per cent. of sulphur, besides 
silica, alumina, lime and magnesia; the slag was 
slightly richer in nickel and copper apparently, 
much poorer in sulphur, but much richer in 
silica. We do not reproduce more figures, since 
the paper forwarded to us evidently contains mis- 
prints difficult to check; neither the ores nor the 
slags were fresh, but had been weathering for 
many years in open heaps. The ores were roasted 
in a reverberatory furnace for 5 hours; the roasted 
ore was mixed with lime and coke breeze or coal, 
the high silica content calling for much lime in an 
electric, open-hearth steel furnace which, it is said, 
was not in very good condition. The slags were 
treated similarly, and in their case the 2-2 per 
cent. of sulphur were reduced to 0-065 per cent. 
Altogether 107 large ingots, each of 175 Ib., and 


produced contained 3 per cent. of carbon, 2-2 per 
cent. of nickel, 0-4 per cent. of copper. That the 
copper can replace nickel in steel is largely acknow- 
ledged now, and the presence of copper seems to 
impart a greater uniformity of composition and 
lesser liability to corrosion to the steel. The 
mechanical tests made by the Nicu-Steel Corpora- 
tion look on the whole very satisfactory, and there 
are independent, favourable reports by Dr. A. 
Stansfield and Professor G. A. Guess. It will be 
interesting to watch the development of this 
alloy. 
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As the consequence of a gross act of perfidy on the 
part of Frederic the Great, perpetrated to enable 
him to reap the advantages attending the discom- 
fiture of a sovereign he was pledged to defend and 
succour, black men, we have been told, fought 
to the death on the Coast of Caromandel, and red 
men scalped each other on the great lakes of North 
America. After the lapse of nearly two centuries, 
an equal disregard of the sanctity of treaties, and a 
profound contempt for the rights of others, have 
produced acts quite as undeserved and as ruthless 
in character. Time has brought no mitigation, 
for in war outrages increase with the power to 
inflict them. History has not only repeated, but 
intensified itself. The crimes committed around 
Kilimanjaro and on the banks of Lake Tanganyika, 
districts as remote from the initia] struggle as were 
India and Canada in the olden time, have been 
re-enacted on a scale that dwarfs those puny 
conflicts to insignificance. The inhabitants of 
Central Africa had no interest in the quarrel, and 
might have been spared the wanton barbarities, 
that ungovernable ambitions and lawless force 
precipitated on a peaceful and inoffensive folk. 

Nevertheless the country has been overrun and 
wasted from Lake Kivu to the Portuguese frontier, 
and the native has learnt how Europeans conduct 
war when armament is practically unlimited and 
science aids destruction. This distant campaign 
that has been carried to complete fruition within 
the last few months, M. Stiénon describes in a lucid 
and temperate manner. Though apparently a non- 
combatant, he is fitted for his task by being well 
versed in the plans of Colonial development, and he 
views in a proper perspective the whole series of 
events that have marked the struggle in the so-called 
German East Africa, since 1914. 

Short introductory chapters describe the manner 
in which Germany and Belgium acquired spheres of 
influence on the African Continent, where the 
Home Government of the latter was playing a 
worthy part in the civilisation of a large district, 
facilitating its progress and developing its resources. 
By the policy adopted since 1908, Belgium not only 
consolidated her possessions,” but increased the 
respect and cordiality with which she was regarded 
in Europe for her consistent regard of treaty rights 
and her firm determination to maintain her position 
as an independent unit in the international com- 
munity. The treaty of Berlin of 1885 apparently 

teed the neutrality of the Congo Basin, 
the high contracting parties to that treaty pledging 
themselves in the case of war in Europe to regard 
the entire zone as under the law of neutrality, or 
as belonging to a non-belligerent. The general 
clause clearly enunciates the obligation: “les 
parties belligérantes renonceraient, dés lors, & 
étendre les hostilités aux territoires ainsi neutralisés, 
aussi bien qu’a les faire servir de bases 4 des 
opérations de guerre.” 

Notwithstanding this full and complete abnega- 
tion, immediately on the outbreak of hostilities, 
the Germans were prepared to assume in Africa 
the bullying attitude that had served them so well 
in Europe. On August 8, 1914, M. Poincaré 
informed Baron Guillaume, the Belgian Ambassador 
in Paris, that he believed acts of war had been per- 

in Ubanghi. Acting on this information, 


at Berlin, then entrusted with French interests, to 
demand a proclamation of neutrality in the Congo 
Basin. In spite of this invitation, or in consequence 
of it, the Germans assumed a more minatory attitude, 
and Colonel Tombeur, Vice-Governor of Katanga, 
was obliged to advise the Belgian Colonial Minister 
that on August 22 German troops had attacked 
the port of Lukuga. The Germans have been guilty 
of so many acts of baseness since, that this episode, 
of so Jong ago and so far removed from the main 
theatre of war, is little remembered, but as an 
unwarrantable act of aggression it should be set in 
bold relief. Asevidence of calmness and impartiality 
on the part of the author, it may be mentioned that 
he records this deliberate breach of treaty rights 
almost without comment, his object being to give 
a dispassionate account of well documented facts, 
on which unprejudiced judgment may be founded. 

Tn the light of later events it becomes clear that 
Germany had purposed the creation of an extensive 
economic area in the Congo Basin, that should extend 
from the Indian to the Atlantic Ocean, thus con- 
stituting a solid and permanent wedge driven be- 
tween . England’s several possessions, rendering 
them weak by segregation. With the thoroughness 
that characterises German proceedings, this policy 
had been successfully pursued: the pressing manner 
in which rail and water communications were urged 
is the natural and visible consequence of this 
masterly, if selfish, policy. The ultimate aim so 
clearly perceived, and so energetically pursued, 
was to escape from the isolated enclaves in either 
East or West Africa that assigned to the Germans 
an inferior position and to compel England to 
recognise Germany as an equal Colonial power by 
forcing a new re-arrangement of African territory 
entirely in German interests. 

To grasp the full meaning of German policy, 
necessitating for its due fulfilment a lavish expen- 
diture on such constructive works as harbours and 
railways, assists the judgment in gaining a clear 
insight into the objects of the campaign, and the 
character of the strategy that was forced upon 
the combatants. The author’s description of this 
tangled skein of intrigue and adroitness is lucid 
and consecutive, and shows how the dangers of a 
difficult situation were increased by ingenuity 
and careful preparation. Many problems in this 
connection, on which definite information would 
be desirable, are of necessity left unexplained, and 
for the present they must be left open questions. 
M. Stiénon writes of events that are too recent; 
government departments have by no means dis- 
closed all their secrets. For instance, we should 
like to know whence the Germans procured their 
munitions of war of which they seem always to 
have had a sufficiency. The big guns salved from 
the Kénigsberg were amply supplied, and the same 
can be said of the smaller pieces and the machine 
guns. Apparently more ships must have success- 
fully run the blockade than we suspected, and 
considering the difficulties of transport through a 
country ill supplied with roads, the point of dis- 
embarkation must have been well selected and 
probably near the railway terminus. The secret 
was not penetrated. Wolff's Agency told of two 
ships that without difficulty, early in 1915, avoided 
our squadrons on the look out for such craft, and 
probably there were others to which it was not 
desirable to call attention. One of these elusive 
steamers carried not only shells and cartridges, gun 
carriages for the artillery removed from the Konigs- 
berg and a great quantity of manufactured equip- 
ment, but also the tools and workmen to fit out a 
small arsenal, to provide munitions in the colony 
itself. Apparently, too, supports were carried for 
the divisions in the field, as otherwise it is difficult 
to understand how the comparatively small white 
force sustained itself in a climate that takes a heavy 
toll of European life, and where wasting fevers sap 
the energies of the survivors. The Germans.knew 
how to make the most of the natives, a class who 
whether employed as porters or combatants, were 
immune from many of the ills from which the white 
population suffered. 

Possessed of a definite, if unscrupulous, policy 
and amply supplied with the means of putting it 
into execution, the enemy were able to seize the | 
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and loss of sudden invasion. For many weary 
months the Allies had to withstand the adversary’s 
attecks without much opportunity for replying, 
for at the outset their united forces amounted to 
no more than 8,000 soldiers of all ranks wherewith 
to meet an active enemy supported by five times 
that number, with the additional advantage of 
operating on interior lines. Our forces were adapted 
to meet, or to overawe, native levies: they were 
not planned t«. nteet the equipped and trained armies 
of Europe. Behind the extremely thin curtain of 
defence which this exiguous force provided, the 
Belgians and English had not only to devise the 
means of parrying the heavy blows struck by an 
active and ruthless enemy, but to organise victory. 
Such was the task that confronted the Allies, and 
the author essays to tell how effectively that task 
was accom plished. 

If M. Stiénon had no share in the military opera- 
tions that culminated in the occupation of Tabora, 
he may be the better qualified to describe them. 
The area covered is so vast that each section could 
only have been aware of its own hardships and its 
own successes. The sense of proportion would 
have been lost. He is better able to survey the 
wood as a whole because he is not himself among 
the trees, but he knows perfectly well how each 
tree obscures the view, and what obstacles each 
serves to hide. Two broad issues are constantly 
before him: the magnitude of the effort to which 
Belgium was called and the maintenance of tactics 
by which independent units were made to converge, 
both in time and location, in order that particular 
effects should be accomplished with the smallest 
expenditure of means. It is right and just that 
we should clearly conceive what Belgium, deprived 
of home resources, of material, of money and of men, 
has achieved in this distant scene, because by her 
actions and enterprise she has shown herself to be 
endowed with those qualities which fit her to be 
entrusted with the duties of colonisation. No fear 
need be entertained that stagnation and indifference 
will mark her administration, for no more depressing 
circumstances can be imagined than those over 
which she has triumphed and deserved to triumph. 
She has shown herself to be a worthy colleague of 
the most progressive of all colonisers. To quote 
the inspiring words of M. de Broqueville, Minister 
of War, “Elle a montré par ses actes qu’elle était 
digne, en Europe comme en Afrique, d’assumer 
toutes les responsabilités de la souveraineté: 
pour remplir pleinement le réle difficile qui lui 
est dévolu dans l’intérét de la paix du monde, 
pour le remplir avec fierté, avec confiance, en 
pleine possession des éléments indispensables au 
succés, il lui faut une Colonie, et les désastres 
qui abreuvent la patrie ne font que renforcer ma 
foi dans la politique dont j’ai toujours 6té un de- 
fenseur convaincu.” 

War in Africa is not to be judged from a European 
standpoint. New scales of comparison are needed. 
For the first time, white has met white on the 
black man’s territory, and military measures have 
been conducted on a scale comparable to European 
contests previous to the last gigantic holocaust. 
Other previous experiences have been confined 
to actions when the resources of civilisation have 
encountered the untrained forces of barbarism, and 
the issue has never been in doubt. The author has 
had to construct the mise en scéne anew, to make 
us appreciate the vast distances, the imperfect means 
of communication, the obstacles introduced by the 
remoteness of the sources of supply. He makes 
us understand what difficulties have to be sur- 
mounted in plecing a hydroplane on the waters of 
Lake Tanganyika, what steadfastness is required 
in attacking and conquering a German colony 
five times the area of the mother country. And 
above all we have to appreciate that the climate 
is am enemy whose fierceness never relaxes. The 
cattle drop helpless before the attacks of the tze-tze 
fly, and the great insect world breeds fevers in man 
more fatal than Prussian bullets. To render the 


task of explanation more difficult the author could 


know little of German strat-gy. Astute generalship 
on the enemy’s part decided him to refuse a general 
engagement ; he was content to let the Allies waste 
their resources in following him, well knowing that 
the climate and fever fought on his side. 





Doubtless the picture will have to be redrawn 
when more details are known, but the author 
has done his work well with the materials at hand. 
He emphasises the dangers of a frontal attack, and 
the reason for adopting enveloping tactics. We 
can estimate the hardships borne by the men as they 
forced their way through dense jungle, where lurked 
unknown dangers, while the sun beat down fiercely 
and the troops were without water. Doubtless 
there were many mistakes—inevitable mistakes— 
from other sources we know there were, but there 
was no great military disaster, and if we read a little 
between the lines we may congratulate ourselves 
on this result. Numerous were the commands, 
Belgian and English assembling from all points 
of the compass, but when we find the soldiers of 
Molitor in touch with those of Sir C. Crewe, and the 
infantry of Moulaert encountering our own men 
under General Simson, we feel that the author is 
justified in saying “ Ainsi se précise sur le terrain 
méme l’idée maitresse de notre stratégie : l’encercle- 
ment progressif des Allemands, qui restera un 
exemple mémorable de liaisons effectives réalisées 
& travers un territoire immense, sauvage et sans 
aucune communication naturelle. Il n’est pas 
inutile d’y insister, car c’est bien la que se trouve 
la note originale de toute l’entreprise.” 

Here we leave the story and the author, but we 
hope we may meet again, when in a new chapter 
M. Stiénon will tell us how the Germans ignominously 
quitted the last of their colonies, to seek a brief 
respite in Mozambique. 





Operation and Maint of Irrigation 8 . By 
8. T. Hanpie, Assistant Professor of Irrigation, 
University of California. New York: McGraw-Hill 
Book Company; London: Hill Publishing Company. 
1917. [Price 10s. 6d. net.] 


AccusTOMED to a humid climate in which the 
rainfall is distributed with fair uniformity throughout 
the year, we are not pressingly concerned with the 
problems of water storage and irrigation. It is 
true that India and Egypt offer opportunities for 
our irrigation engineers, but in this work the author 
confines his attention rigidly to American systems, 
which prove sufficiently engrossing. Almost as 
disinterested spectators, we have admired the 
energy and the skill with which the engineers of the 
United States have carried to a successful issue the 
proposed schemes for irrigation and the reclamation 
of waste land. At. a time of world shortage we 
can more fully appreciate the foresight and the 
enterprise that have created an army of agricul- 
turists and practically added another State to the 
Union. The enormous figures telling of work 
accomplished fail to impress, and we have only a 
faint notion of the grand scale on which America 
has planned to make the arid plains of the Far West 
productive and fruitful. The gigantic proportions 
of the Roosevelt Dam on the Salt River, that 
provides a reservoir capacity of 1,500,000 acre-ft., 
speak only a little more adequately of the 
magnificence of the effort. The lofty dam on the 
Boise River, Idaho, the highest structure of the 
kind in the world, is another landmark to compel 
our respect for the scale on which America works, 
and to remind us what the Reclamation Service 
has achieved to increase the world’s supplies. 

But construction, though in itself attractive and 
stimulating, is only the beginning of the work. 
Sustained effort on less heroic lines is necessary 
if the reward is to be reaped for which others have 
laboured. Professor Harding has no exciting tale 
to tell in which mammoth projects are described 
and huge schemes outlined. He has to show that 
watchful management and careful maintenance 
are necessary to ensure success and to insist on the 
importance of small details. He is here addressing 
students who may be engaged in the Reclamation 
Service ; the volume is the outcome of notes pre- 
pared for a series of lectures given to students in the 
University of California, but they might be studied 
with profit by the farmers on irrigation lands. The 
problem of settlement on such land, and of the 
successful utilisation of the water brought within 
reach, is not simple, and if the scheme is to be 
commensurate with the outlay, to say nothing of the 
high hopes entertained from the social side, each 
party to the contract, the provider and the user, 
has to exhibit mutue! forbearance; a forbearance 








that is easier exercised among the instructed. The 
professor is not only providing facts, though these 
are plentiful enough; he is giving lessons on the 
tactful management of men. Those he is imme- 
diately addressing will be responsible for the 
protection of interests that may appear antagonistic 
to those of the irrigators, and their action is liable- 
to be criticised both by the water owners and the 
water users. And those who may think that the 
work of irrigation is easy, that it solves all the 
difficulties of agriculture, have much to learn, 
especially as is often the case they take part in the 
struggle with little or no experience. With the 
water brought to the edge of his farm, and possibly 
in excess of his needs, the occupier has much hard 
work in clearing, ditching and grading his land 
to receive the water, which must be skilfully handled 
if loss and damage are to be prevented. If the 
harvest or return is thought to be inadequate, the 
pioneer will hardly be persuaded that his methods, 
or want of method, are to blame, and unjust charges 
are likely to be levelled against the water authorities. 
Professor Harding has something to say on the 
treatment of “complaints” that indicates ,the 
competent man of the world as well as the irrigation 
engineer, but even the judicious handling of dis- 
contented settlers may not prevent the unpopularity 
that follows on the trail of pecuniary loss and dis- 
appointment. It must be remembered that there 
is no test or qualification for settlers on the reclama- 
tion projects. Any citizen who has not exhausted 
his homestead right may take up a farm unit. The 
Reclamation Service may be congratulated that 
with so little experience on the part of either the 
provider or the user of irrigating water the scheme 
has worked successfully with but little friction. In 
1914 the farmers on the Government projects 
harvested irrigated corps from over 700,000 acres, 
of the value of 16,000,000 dols. 

It will be admitted that the management and 
operation of irrigation works embracing in their 
entirety 1,500,000 acres present no simple problem, 
and that systematised information and experience 
is of the last importance. Professor Harding is 
to be regarded as a pioneer attacking a difficult 
proposition. He can avail himself of very little 
co-ordinated material. Partial discussion on many 
points of local interest has been published in serials, 
but probably it is correct to say that no deliberate 
attempt has been made to focus the scattered in- 
formation into a closely reasoned narrow compass. 
The author aims at giving the general principles 
that should guide thorough and intelligent manage- 
ment of a complete unit, indicating that local 
conditions may call for variation in practice. His 
theme is the unexciting daily routine, the attention 
to small details that secures efficient management, 
the careful supervision of the whole machinery that 
is necessary for success even in the most carefully 
designed scheme. 

He first considers the canal banks subject to the 
injurious effects of erosion and silting, evils that 
may be aggravated by vegetation and aquatic 
growth. Those who have given little attention 
to the subject would underrate the mischief that 
can be wrought in the banks by burrowing animals, 
and the expense entailed in with this 
nuisance. The pocket gopher has a wide range of 
habitat and is most abundant where the soil is 
most fertile. Its burrows give rise to points of 
weakness at which canal breaks may start, and 
though the animal is no larger than a rat, the repairs 
of breaks caused by his activity, particularly in 
the laterals, may be the largest single item in the 
cost of canal maintenance. 

The serviceable life of wooden structures on 
irrigation plant has a wide interest; many hydro- 
electric installations are employing wooden flumes 
and wood-stave pipe with apparently good results, 
but whose use has not been i 
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retention The life of wood-stave pipe 
depends much on the conditions of use. Fir, well 
coated and buried in tightly soil, has an 
available life of probably more than twenty-five years, 
but if uncoated, and buried in loose soil, permitting 
the air to penetrate easily, the life will be shortened 
from four to seven years. Experience with concrete 
in irrigation works is insufficient to determine the 
rate of depreciation, but it has already been found 
that certain forms of alkali have a deleterious effect, 
though the nature of the action is at present obscure. 
In the original Reclamation Law, it was contem- 
plated that the costs of the project might be 
refunded from water renters in ten annual payments. 
Later legislation carried through in 1914 spreads 
the repayment over twenty years, but in either case 
the length of life of the materials of construction 
is an essential matter. It may be said, too, here, 
that as provision is made for the profits of the under- 
taking to revert to the Reclamation Fund, to be 
employed in other similar projects, the economical 
management of the plant already in use acquires a 
national importance. 

The description of the organisation for operation 
and management necessarily introduces the human 
element, and we make the acquaintance of the ditch 
rider, a very important functionary. His duties 
are as manifold as they are i 
comes in daily contact with the farmers, patrols 
the canals and supervises the delivery of water. 
On the capacity and tactfulness of these riders 
depends much of the success of the scheme; on 
the judicious distribution of their duties, and the 
number maintained, its economic working. It is 
not surprising to read that the personal staff is 
greatest on Government-controlled works. The 
author explains this apparent extravagance as due 
to the preparation of the more elaborate accounts 
demanded by Government regulation, and the 
enforcement of a more detailed control of delivery 
of water than is usual in privately-owned systems. 
“Such Government projects,” writes Professor 
Harding, “ are subject to the inherent disadvantage 
of all Government work, where the lack of direct 
responsibility to those actually supplying the funds 
from their own resources makes the incentive for 
economy less direct.” Let the explanation be what 
it will, the European reader will not be unacquainted 
with similar examples in Government-controlled 
undertakings. 

The methods adopted in delivering and measuring 
water are fully detailed, and the conclusion at 
which we have arrived from the study of these 
chapters is, that the task of furnishing each farmer 
with the quantity of water to which he is entitled, 
at the time at which its use is desired, is sufficiently 
formidable. Three methods of delivery are employed 
—the character of each is indicated by its name— 
(1) continuous flow, (2) rotation, (3) delivery on 
demand. All three may be employed at different 
times on the same system, but the number of 
variables that enter into the problem is so great that 
by no possible manipulation could uniform and 
consistent benefit be secured to all. The varying 
porosity of the soil, the gradient of the ground, 
the nature of the crops, their different dates for 
maturing, and many other factors enter that will 
give different values to the water supplied at a 
particular time or to a i individual, With 
such variations, there is little reason for suspecting 
the ditch riders of favouritism, though such charges 
are made, and one can easily understand that a 
disappointed farmer believes himself the victim of 
partiality. 

It is impossible to follow the author through all 
the technical difficulties attending the measurement 
of irrigation water or the devices that have been 
arranged to minimise the loss that may follow a 
temporary shortage. These, lke the fiscal con- 
ditions, have mostly a local interest, and do not 
influence the broad outlines of the scheme that the 
United States contemplated when irrigation became 
a part of the na programme. Drainage is on 
a different footing. In any scheme the removal 
of excess water is as necessary as a sufficient sul 
No crop will thrive if the interstices of the soil are 
filled with water, hence measures must be taken to 
prevent og lands from ‘becoming seeped and 
waterlogged. The problem is one that requires 





intelligent and careful handling. It would seem 
that drains are not 
needed, or that the evidence of deterioration must 
be apparent before the remedy is applied. This is 
not the only disadvantage ; the extent of the work 
to be done cannot be accurately gauged till the 
water has been in use for some time, and the occupier 
may be subjected to an uncertain expense. Com- 
pulsory drainage is only enforced on that part of the 
area that is injured. Consequently the high lands 
whose deep -percolation losses have contributed to 
the injury are exempt, and the owners do not pay 
for the evil occasioned. If correctly understood, 
this is inequitable, and would suggest that the 
drainage scheme was not worked out with the 
thoroughness that mark the constructive details. 
The author’s comment, that possible future drainage 
should be kept in mind when the location of irrigation 
¢eanals is planned, strengthens this view. 

_ In conclusion, we must congratulate Professor 
Harding in presenting the working of a complicated 
scheme with great clearness, and as far as we are in 
& position to judge, with completeness. In de- 
scribing a number of details, the interest might have 
been lost by wide distribution, but the skill of the 
writer has avoided this danger. Never perfunctory, 
and always severely practical, the book acquires 


He | additional value by incorporating the views of those 


who are responsible for the management of many 
systems under varying forms of organisation. 


Mining and Mine Ventilati tical Handbook 
on the Physics and on, ‘Mining and Mine 
Ventilation. By Joszru J ALSH, Mine Inspector, 
Wilkes Barre, Pa. Illustrated. London : Constable 
and Co. 1917. [Price 8s, 6d.] 


Tuis is a practical book intended to assist those who 
desire to qualify for positions of fireman or examiner 
under the Coal Mines Regulation Act, 1911, or 
similar legislation, and we regret that the author has 
not adhered strictly to the discussion of practical 
details, a task for which we have no doubt he is 
eminently qualified by training and experience. Of 
the extent of the qualifications required from 
candidates for such posts in America we know little, 





but in this country the full certificate is granted | Kei 


to those applicants who can satisfy that they are 
competent to test for gas with a safety lamp, can 
detect a 2 per cent. “cap,” measure an air current 
and perform similar necessary details. The demands 
do not appear to be exacting, but present difficulties 
to those who have had no scientific training, and he 
is doing very useful work who endeavours to remove 
the obstacles out of the road of a worthy class of 
men. But there is little scope, as there should be 
little desire, to make excursions into the realm of 
pure science. The more strictly the contents are 
adapted to the capacity of firemen, the more 
successful is the handbook likely to prove. Of 
course, if it were possible to furnish the mental 
training that the logical and systematic study of 
any branch of seience offers, one would welcome 
the attempt. In this case, however, it were better 
to admit frankly that the object sought is simply 
to enable a student to pass a technical examination, 
forbearing to burden the memory with a few isolated 
facts, or vague chemical formule, whose painful 
acquisition can be no effective substitute for 
methodical scientific education. 

The candidate, we venture to , will have 
no better idea of ‘ matter” or of “force,” after 
reading the author’s attempts at definition, than he 
had before, nor will he be better equipped for 
pessing a technical examination. He. will be 
ortunate, if he is not discouraged by finding 
additional stumbling blocks put in his way. For 
in presenting a fragmentary collection of definitions 
and elementary principles, some inexactnesses of 
expression will usually be found, and such are not 
wanting in this treatise. For instance; we have 
not been able to grasp the meaning of the first 
paragraph of the book in which matter is defined 
or described, and, later, the definition of an atom 
requires some qualification. The author is under 
the impression that the method of finding the 


pply. | atomic weight of an element is explained in 
Chapter VI, but no experimental method is given 
in that. chapter. 

On those grounds, and some others, it is a pleasure 
to be quit of these elementary explanations and 


constructed until actually | ap; 


to turn to the practical matters which occupy 
proximately one half of the book. The descrip- 
tion of the all-important “cap ” of the safety lamp 
formed under certain conditions is quite satisfac- 

tory, though we could have wished some mention had 
been made of Liveing’s firedamp indicator, Professor 
Clowes’ h lamp, and other devices for 
showing the presence of small quantities of fire- 

damp. The method of measuring ventilating 
currents is very fully explained, and the description 
of fans, as well as the numerous examples supplied, 

should prove very instructive to the candidates 
who have to struggle unaided through these recon- 
dite matters. 

It may be a surprise and a disappointment to some 
to find that throughout the book there is no mention 
of “mining,” notwithstanding the title. Of the 
actual winning of coal, the sense in which the word 
** mining ”’ is used in this country there are no details, 
and in preparing another edition, and the demand 
for these treatises is very great, we should recom- 
mend the addition of some description of the general 
principles, even if it should necessitate the elimina- 
tion of some of the formulw and theory which do 
little to advance the genuine requirements of those 
for whom the book is written. 
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Tas Encuverrs or H.M.S. Virpiotive.—We are 
glad that the Admiralty have so fully departed from a 
practice too often characteristic of their public com- 
ee cage Bien responsi ee adite a6 
e rs were e tor oO e 
Vindictive when she blocked the Ostend bour. 
There is no need to enlarge to our readers on the heroism 
demanded of such a venture, because the engineers had 
charge was, Engineer" Licwianast-Con The officer in 


domp was Bury, 
who wounded. He had been in the 








four artificers are: . , H.M.8. Vindictive, 
wounded ; N. Gasroll.} yal Naval Barra, ChatHam . 
wounded ; A. Thomas, H. 8. Lion, missing; H. Harris, 





H.M.S. Royal Soyereign. 
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INDUSTRIAL NOTES. 

A Wuirte Paver has now been issued by the Board 
of Inland Revenue entitled “‘ Income Tax. Statement 
ting allowances for wear and tear and obsolescence 

of plant and machinery.” ° Officially it is a ‘“‘ Memoran- 
dum”; that is, it conveys isdematinn and not 
instructions. The section (12) of the Act of 1878 on 
which the present practice is based is quoted, and this 
Act clearly leaves the Commissioners to make such 
allowance “as they may think just and reasonable.” 
The next Act, passed in 1907, limits the allowance so 
that the total, year added to year, shall not exceed 
the cost of the machinery or plant. On the other 
— it enables, in case of the profits being insufficient 
pe aap rovide men depreciation in any year, the allowance 
to ed forward and deducted from the profits 
of ounseling years. The other Acts, 1916 and 1917, 
refer to repayments in controlled establishments. 
A schedule a hat is called “agreed rates of depre- 
ciation” is given, but is “ subject to the concurrence 
of the respective bodies of Income-Tax Commissioners.” 
The rates are 3 per cent. on electric cables and gas- 
holders; 5 per cent. on engines, boilers, main shafting 
and machinery generally ; 7} per cent. on flax-spinning, 
flour-milling, printing and saw-milling machinery ; 
10 per cent. on gas meters, cookers and fires and 
printers’ type; 20 per cent. on motor omnibuses 
(rate to be reconsidered in 1920-21); 20 per cent. on 
traction engines, tractors, motor cars and haulage 
plant, but only if used by timber merchants, saw- 
millers and manufacturers of timber goods. The 
20 per cent. on motor omnibuses has a footnote: 
“This rate does not apply to commercial motor 
vehicles.” All the foregoing rates are on the written- 
down values. Rates of 3 per cent. on sailing ships 
and 4 per cent. on steamships are on the prime cost. 
It is important to note that this schedule of rates does 
not apply to the machinery mentioned generally, but 
only to such machinery when used as capital in specified 
industries. The engineering, shipbuilding, building, 
mining and metal industries are not within the schedule 
at all. It would be advisable for engineering and other 
firms to obtain — of the paper, which may be 
ordered as ‘‘ Cd. 9022.” The price is Id., plus postage. 





The Committee on Production have issued their 
award on the claim for an advance of wages to dock 
labourers in London, referred to on page 527 ante. 
The claim was put forward by the National Transport 
Workers’ Federation on a national basis and included 
a claim for the payment to the men concerned of a 
bonus equivalent to the bonus of 124 per cent. granted 
to munition workers. 

The award of the Committee in settlement of the 
claim submitted to them is :— 

Where the war advances already given to the men 
concerned are 5d. per hour and upwards, there shall 
be paid such further increase as shall bring the total 
war advance up to 7d: per hour. Where the war 
advances already given amount to less than 5d. per 
hour there shall be paid a further war advance of 2d. 
per. hour. Daily workers and weekly workers shall 
receive advances proportionate to those granted under 
this award to men paid at hourly rates. Extra pay- 
ments, if any, made for overtime or for night work, 
or for Sunday work, shall continue to be calculated 
according to the existing practice, but on the basis 
of the increased hourly or daily rates fixed by this 
award instead of the existing hourly or daily rates. 
The advances awarded cover and are to be deemed 
to be in full satisfaction of any claims with respect 
to the bonus of 124 per cent. The new rates are 
payable as from the commencement of the day shift 
on Monday, May 6. The terms of the award are similar 
to those of the general award issued by the committee 
on May 3 for ports other than London; in the absence 
of representatives of the London employers at the 
hearing on April 26, the committee are not in ion 
of detailed formation which would enable them to 
make provision for any special circumstances which 
may exist. If in the application of the award there 
are points of difficulty upon which the parties are 
unable to agree the committee will be prepared to hear 
the parties thereon and give a decision. 





The report of the committee appointed to consider 
the resettlement of officers has n — by 
the Minister of Reconstruction, and in accordan 
with its: recommendations the Mihister of Labour 
is proceeding to set up a department to be known as 
the “ Appointments Department,” in order to provide 
advice and assistance to officers and others requiring 
professional and business appointments on their return 
to civil life. ‘ The Headquarters Offices of the depart- 
ment will-be at Gresham House, Old Broad-street, 
a agg A card aadinyee—p whos Charles 

ome L The department will be represented in 
the te re by branch offices. 

Professional Business Register of the a 
of Labour and the Officers’ Technical Training Courses 


of the Ministry of Munitions will be merged in the new 
department. With it will be associated two com- 
mittees, one dealing with questions affecting appoint- 
ments, and the other with questions of The 
former committee will comprise representatives ‘of the 
principal professional and business organisations, 
together with representatives of ex-officers and of the} in 
Government departments concerned. Local com- 
mittees similarly composed will be associated with the 
department’s provincia! offices. The Training Com- 
mittee will be an Interdepartmental Committee jointly 
appointed by the Ministry of Labour and the Educa- 
tional and other departments interested, iricluding the 
Board of Agriculture and Ministry of Pensions, and the 
chairman will be nominated by the Board of Education. 
It will contain representatives of the universities and 
other educational organisations, as well as_ repre- 
sentatives of commerce and industry. With the advice 
and assistance of these committees the department will 
endeavour to find suitable appointments of a pro- 
fessional and business character for ex-officers and 
others requiring them, and either directly, or through 
the Educational Departments, will also endeavour to 
facilities for those who wish to undergo courses 
of instruction either of a general or technical character. 
No fees are charged either to the applicants for 
appointments or to employers. Further information 
may be obtained from the Ministry of Labour, Appoint- 
nye Department, Gresham House, Old Broad-street, 
> . 


The Amalgamation Committee recommend the 
following terms of amalgamation with other metal- 
working unions of the Amalgamated Society of Engi- 
neers :— 

1. In arranging terms of amalgamation the executive 
council shall take into consideration the future financial 
liability of the society to the members of any trade 
union whose members are often rendered unemployed | wil 
by weather conditions. 

2. Members of other organisations shall be placed 
in the class according to their qualifications as trades- 
men, but those who have joined their trade union over 
45 years of age shall be placed in the class for which they 
are eligible under A.S.E. rules. 

3. Any trade union having a financial value per 
member equal to the A.S.E. who agree to amalgamation 
shall pay A.S.E. contributions and be entitled to A.S.E. 
benefits, including superannuation, in accordance with 
A.S.E. rules. The value of funds per member shall be 
determined by the value of the funds of the class for 
which the member is eligible. 

4. The members of a trade union where the financial 
value per member of their union is less than that of the 
A.S.E. shall pay the A.S.E. scale of contributions, 
and shall be entitled to the benefits of their original 
union for twelve months and thereafter to A.S.E. 
benefits, with the exception of superannuation benefit, 
the qualifying period for which shall commence from 
the date of amalgamation unless covered by Clause 5. 
Members over 40 years of age not qualifying for super- 
annuation benefit shall be exempt from superannuation 
levy, and the executive council shall determine the 
amount of weekly contributions they shall pay, taking 
into consideration their liability to continuous sick or 
donation benefit. 

5. Any trade union whose funds per member are not 
equal to the funds per member of the A.S.E. may pay 
2/. per member for those who will come under the 
superannuation rule to the superannuation reserve 
fund and be entitled to A.S.E. superannuation benefit, 
except those members already drawing superannuation 
benefit, who shall be entitled to the benefit they are in 
receipt of under the rules of their original trade union. 
Where the difference in total funds is less than 2. 
member such trade union shall only pay the difference 
necessary to equalise the funds. Members under this 
section shall qualify for superannuation benefit from 
the date of last joining their trade union. 

6. The full time elected officials of unions shall by 
mutual arrangement be found positions as councilmen, 
organisers, secretaries, or district secretaries without 
election for a period of years up to the third election 
after amalgamation. Officials preferring not to score | the. 
office under this clause may be oo a sum of money as 
compensation for loss of official em ployment. 

7. Full-time elected officials shall be - the wages 
ce| paid them in their original union for the non-elective 
period, but should it be less than the A.S.E. rate they 
shall be paid the A.S.E. rate—i.e., 4/. 10s., or as per 
rule, 

8. The name of the new organisation shall be deter- 
mined by the societies agreeing to amalgamate. 

9. Subject to the above proposals being ratified by 
the members, the Executive Council shall convene 
a conference of the engineering trade unions eligible 
for amalgamation in a town outside of London—the 
Executive Council and Amalgamation Committee to 
represent the A.S.E. 





The above terms are given in the ballot paper, and 





facturing i 
in spite of all that has been 
The bureau investigated 194 plants and found 
an average each worker lost 5-6 working days 
300 in a year. Yard labour showed the "highest 
percentage, with 29 days lost per worker in a 
owing to accidents. Boiler men also showed @ 

rate of lost time owing to ents, primarily as 
result of insecure trestles and scaffolding. yo te 
rate of accidents at pens was due to general neglect 
of safe location construction of transportation 
systems, coupled with a lack of safety precautions. 
Accidents from falling objects were very frequent, 
the annual rate being 14 per 1,000 workers. Cranes and 
hoists appeared to cause the most serious accidents 
if the average time lost through accidents under this 
head was considered as a measure of the severity of 
the injury. 


A conference was held at York last Wednesday 
between the Shipbuilding. Employers’ Federation and 
the Shipyard Trade Unions Joint Committee, the object 
being to improve industrial conditions in the ee 
and accelerating the output of tonnage. —— 
ment with which the  anatéas ‘Oe dealt had n 
et om in draft by Lord Pirrie, Controller of Merchant 
pping, and it is to come into operation immediately. 
ts are made for. avoi disputes, so 
‘that shipbuilding and ship-repairing may be accelerated. 
The administrative proposals will practically lead to 
the discontinuance of the Admiralty’s Shipyard 
Control Department. The Admiralty is to be the only 
central authority to which the shipbuilding or ship- 
a oe will be responsible, and the ‘Admiralty 
e its own arrangements as between other 
Government Departments, with the object of securing 
between the industry and the Admiralty. 
Among the committees to be established are Yard 
Committees to consider suggestions for increasing 
output and prepare monthly estimates of work, also 
to consider Fm mane to output, including | lost time, 
and to exercise a supervisory interest in ing out the 
schemes of District Joint Committees and the National 
Joint Committee. The latter committee is to be 
consulted before the issue of any general orders or 
instructions by the Admiralty, so that their opinion 
anngy Saal ES secelend Se eatiey 0 Sa SILAS. ere 
to secure the fullest outpu 
The joint proposals torn these objects in view 
were submitted to the Government in November, but 
the scheme was delayed until the First Lord made his 
statement in the House of Commons early in March. 
When Lord Pirrie became Controller Merchant 
Shipping the subject was reopened, with the result 
given a 





Hanrsour ConstTrvucrion aT CHEMULPO.—With regard 
it wi . ——— at ee undertaken 

t! rnment eerin, reau a few ago, 
the local press, says The jam be and China Telegraph 
re that an —— concerned in the work has reported 
that tions ve been steadily 
cebuatiiten of tha. ten tamhcend ak abeoaiin of 
locks are all but completed, and the utmost efforts are 
being put —_ for constructing roads. The work is 
expected to be finished before next September. The 
construction of railway tracks, as well as the building of 
warehouses, on the reclaimed. yd will also be com- 
pleted by that time. This means that steamers will be 
able verte a berth me! the docks about the middle of October. 


An embankment extending between the and Wolmi 
pene Dee pp ew deny rg me her me: ork nda 
eer: leted in about three years. diture 


bureau on the work this cine Armed 
780,000 yen. 


at about 





RELATIONS’ BETWEEN PuysicaL Constants.—Guye 
having shown in 1890 that the boiling- pont (in absolute 
degrees) of organic liquids under reduced pressure 
(10 mm. to 20 mm, mercury) is half the critical 
ee W. Herz, of Breslau, aoe in 1916, that 
t under any pressure @ constant 
tion of & critical sompensinee, pe he has since 
to other weg relations, in his contri- 
butions to the Zeitechrift fu rA Chemie, In 
homologous series the ratio of the absolute boiling-point 
to the critical rth =: with the number 
of ty yey be the — a 
friction) an ‘specific volume, and expressing 
eS ee Tey Tony 
oo reci 


mately constant; the product of 

o eae a ° dent hay bernie 

appro t 
Ail these would 
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REGULATIONS AS TO EMPLOYMENT. | “ehsve' sayeth cquitin: | THE OPTICAL SOCIETY. _ 
om, -— THE eae 2 ap ome orn a atiel , ae sD 1— (3) |: - (i) Art the owes Smmage | of the Optical Society held 
‘our: man ri m 


tion generally and engineers in particular 
We, On the whole, bein chssrved and ses with 
extreme loyalty; and further demands id doubtless 


receive a ready response so long as the exigencies of | 


national requirements warran this. This very fact 
however, invoke discretion in the application 
and enforcement of regulations which, whilst being 
apparently advantageous to the unanimity of the 
national cause, are as a matter of fact obstacles to the 
attainment of maximum efficiency. 
your advertisements for staff appointments for 
instance, it is stipulated that applications will be con- 
sidered only from those within a radius of 10 miles and 
oe ae shall not be engaged on Government 
wor 


It is common knowledge that in the past these regu- 
lations have been honoured more in the breach than in 
the observance, with the result that an engineer whose 
qualifications for filling a post pap aoe | a high standard 
of experience and training has been able to transfer his 
services from a firm who were not employing him at his 
maximum efficiency. Many cases can be cited of this 
nature and undoubtedly the gain to the nation has been 
increased. It now seems that in the future all this is 
forbidden, and the strict letter of the Defence of the 
Realm Act is to be observed ; Sr anergy have to be 
censored by the nearest Labour Exchange. 

Before forwarding the application to the advertiser 
the Labour Exchange manager has to be satisfied— 

1. That applicant is not employed on Government 
work, and 

2. That applicant’s present employers are not engaged 
on Government work. 

What is the use of advertisers stating that an applica- 
tion will be considered confidentially m Bon such applica- 
tion has per se to run the gauntlet of the inquisition of 
the Labour Exchange, with the aa agae we d of applicant’s 
employers being notified that he is offering his services 
to another firm ? 

Again, how is it possible for an applicant to know 
from a mere box number whether he is employed within 
10 miles or 100 miles of advertiser ? 

What is, and what is not Government work? If a 
broad —_ of = = — of rer ise wee —_ is ne 
can it t there is a single eligible applicant 
for a pia ceptakstasios post, cmmetine: a ys seme 
member of His Majesty’s forces (a very remote con- 
tingency)? Surely at date every engineer eligible 
forsuch a vacancy and between the ages of, say, 30 and 50, 
is - ged e directly or indirectly on Government 
wo 

In the writer's yo the above regulations offer a 
premium to those whose -in-the-manger policy 
precludes an efficient and 1 applicant from being 
employed at his most efficient “load factor.” The 
removal of similar restrictions on the workmen have not 
resulted in the wild stampede so falsely predicted, and 


the national interests would be best served by allowing | an 


the appointment by open selection of those candidates 
whose qualifications befit them for posts of greater scope 
and usefulness in advancing the national cause. 

Under existing conditions it is open to an employer to 
terminate an e ent with neronmg yt the 
military authorities putting the employee into Army 
before he has the opportunity of obtaining another berth, 
whilst at the same time another post is remaining 
unoccupied for want of just such a man. It is neither 
equitable nor is it conducive to the national interest, 
and justice and efficiency call for the removal of the 


embargo. 
Yours faithfully, 
May 14, 1918. “« Erricrency.” 





AIR STANDARD INTERNAL COMBUSTION 
ENGINE CYCLES. 
To tae Eprror or ENGINEERING. 

Srr,—-In yourissue of March 29 giving the report of the 
meeting of the Physical 4a | of London on March 8, 
I read the inquiry of Dr. H. 8. Allen asking if it were 
not possible suitably to choose the exhaust curve 
@ (pv) = 0 of an air standard internal combustion 
engine, with the object that the cycle bounded by 
¢ (pv) = 0, the two adiabatic curves p vY = a, pvuY = b 
and the combustion curve f (p v) = 0 Guppesse known) 


should have the efficiency m=1-(<) ~", being the 
r ’ 


compression ratio and y the ratio of the two specific 
heats of air. 

Below I give a solution of this problem which gives a 
pr fh drm ergy am and an easy graphical determina. 
tion for ¢ (p v) = 0:— 

Let us call W the work of the eycle, Q the heat 
expended in the cycle, A the of Joule’s 


“TE poarch ainetindy ¢ tin tinkihen ala. § f(pr) =0 
cyyisa @, OY, 0) = 
and ¢ (pv) = 0. Bes hese : 7 


,_(l\'7_ aw Vo\"~" 
mi l—[-c =o] — 
nm [i~(2) }-"e (¥) 
where Vo and V; are, on substituting for p in terms of V, 
iven by: f (a Vo ~ % Vo) = 0 and ¢ (a V, ~ » V}) = 0. 


t is to say 
Sy oom AlgiW_ wid\_ 
5-9" BEE -55)~° 


cas alk a oad 


Let us write more simply p v¥ = u and take as inde- 
pendent variables u and v we have 


op. 42 . S% andp = we”. 
Pp v u 
Fin bent Q cupented in tho cpio. 0.28 edted sheng 
the line A B in the annexed diagram. Whenever heat is 
added to a body we have the general relation : 
Heat added = change of internal ene 

+ external work done. oa 
If then we assume, as it is generally done in the study 
of the internal combustion engine, be the gas burned 
follows the laws of a perfect gas, we get— 


b 
1 1 dp dv 
— (vd Pdv)= atin > (oe oka 
o-[an” LT ne [ane eee 
AB ‘ - 
‘ | o-7ae 
ce RI, 


where 
c» = specific heat at constant volume. 
R = constant of perfect gas. 


Then on replacing u by b we get 
sQ_. 1 vy vt 











ae = (2) 
66 co R 
where V is given by f (a V~?» V) = 0. 
P| 
v 
($473) 


In the same way we have 


mee) du (z y3 be 4 {oe vau, 


b 1-y 1-¥ 
W = (5 sisheand )aus 
Sa We a 








aw 1-y 1-y 1 

OW aw (e?-7 Te hichitin 

db ( 7 yrs 19: 
where V is given by f (aV ~%,V) =0 and wv by ¢ 
(av ~* v) = 0. 


Then replacing in (1) the expressions given by (2) and 
(3) we have : 


sis (vi-?- 01-7) = 2 veri ft e 7 
1-y¥ co R A Vi 


or 
lies Sek, OO hac 
og **?y*-7 
where 
Wieck oy PS oe - (FJ - (4) 
ARC, Vi 
Then 


V=kvandP=aV~? = ak-Y¥u"¥=pk-Y, 


v and p being a solution of f (k v, p k~Y) = O and ¢ (p v)=0, 
we may write 


¢ (pv) =f (kv, k~Yp) = 0. 


This is the expression of the exhaust curve, which, it 
will be seen, can be deduced from the combustion curve 
by changing p in k~Y p and v in k v, k being a constant 
sy by (@). - 

t is thus very easy to deduce a graphical construction 
for the exhaust curve, although we do not know the 
equation of the combustion curve, since this latter has 
been determined only opetnenly. 

am, Sir, yours faithfully, 
From the Front, April 17, 1918. V. 





TRADING WITH THE Enemy Aot.—The Controller of 
the Foreign Trade Department has sent us a copy of 
a new Consolidating List (No. 514) containing the names 
of over 3,500 persons and firms with whom persons in 
the United Kingdom are forbidden to trade under the 
sue with ~ Enemy (Statutory List) yee yee 

is importan t every one engaged in foreign trade 
should realise that he yf under an obligation to make 
himself familiar with the Statutory List and to observe 
it in his dealings. Copies of the lidated List and 
of all additional lists may be obtained at a small cost 
from the Superintendent of Publications, His y’s 





Stationery , Imperial House, Kingsway, W.C. 


at the Imperial College of Science on May 9, a r 
was eeeatet by Naval Instructor T. Y. Baker, RN. 
and Major L. N. G. Filon, D.Sc., F.R.S., Royal Air 
Force, on ‘‘Spherical Aberration.” The authors had 
considered the subject from the point of view of an 
optical design for a system of coaxial thin lenses 
(separated by air) in which the focal lengths and 
Separations of lenses are determined from general con- 
sideration of the functions that the instrument has to 
perform, and from the necessity of correcting for colour. 
A design ¢arried out in this manner leaves available for 
the correction of spherical aberration the forms of the 
various lenses. For a thin lens of definite focal length 
made of a definite variety of glass the difference of 
curvature of the two faces of the lens is fixed, but the 
mean of these two curvatures is arbitrary. When the 
first order aberrations alone are considered the caustic 
of the emergent rays is a semi-cubical parabola with an 
equation 274 ap 423. The parameter a of the caustic 
was shown to be obtainable from the formula : 


om SOL Cfin+2)—(n+)) Ay} 


2n (n + 2) I—M 
-F (45) n3 (n'+ 2) » 
4\i-) 4a—h | 


in which f is the focal length of the lens, C the mean 
curvature of the faces, M the linear magnification of the 
image and n the refractive index of the glass. 

Put in this form it is clear that the parameter 
of the caustic is least given image position when 
y= BES ey. and that there is therefore a 
theoretically best shape to give the lens for any particular 
image position. When the image position approaches 
the lens this best shape becomes a steep meniscus and 
the lens is impossible from a manufacturing standpoint. 
The authors tentatively suggested three as a numerical 
value which C f must not exceed. 

Over-correction of a lens is only possible if the quantity 
inside the square bracket is negative, a result which is 
found if (1) the shape term can be made zero and (2) if 
the image ition lies between two points, dependent 
upon the refractive index, which are situated, if n equals 
1-50 at 0-39 f beyond the lens and 0-63/ in front, and 
if n = 1-70 at 0-44 f beyond the lens and 0-83 in front. 
These ranges are, however, approximately those for 
which the steel meniscus forms are required, and conse- 
quently over-correction is im ible except for a minute 
amount in the meighbourhood oft 0-7 fin front of the lens, 
when a very dense glass is used. The general conclusion 
of the authors was that all lenses are necessarily under- 
corrected in themselves for all image positions. 

With a series of lenses along an axis a method of 
determining the parameter of the final caustic was shown 
and numerical examples given for a Ramsden eyepiece 
and a four-lens erecting eyepiece. It was also proved 
that spherical aberration of the first order cannot be 
removed from the system if the lenses are all positive or 
all negative. 

When aberrations of the second order have to be 
included the semi-cubical parabola is no longer a 
sufficiently close approximation to the caustic, which, 
in general, develops two new cusps off the axis. The 
general ap ce of such a caustic was examined as 
well as the possibility of deriving the two parameters from 
trigonometrically calculated rays. 

The authors urged that the full import of the higher 
order aberrations could best be understood by an actua 
construction of the caustic in the several media, from 
which the trained optical calculator would be able to tell 
from the shapes of the successive curves how the aber- 
rations of different orders would affect the final image 
formation and also to form an idea as to which lenses 
were having most serious effect, and how changes in 
the forms of the lenses would enable him to diminish the 
spherical aberration of the final image. An interesting 
similarity was shown between the second order caustic 
and the curves of pro-metacentres that are drawn by 
naval architects. 











New Ore Froration Macutne.—Some of the flotation 
machines which mix the ore pulp with oil and air are pro- 
vided with beating appliances which require considerable 

r for their working. The machine of F. O. Groch and 

. E. Simpson, descri in the Bulletin of the Canadian 
Mining Institute, of March, 1918, is said to be very 
economical in power consumption. machine con- 
sists of a centrifugal impeller which is sub-divided 
horizontally by a metallic disc so as to operate after the 
manner of a pair of centrifugal pumps. A vertical pipe, 
through which oil spray and air are fed downward, 
widens out into a pe ly-conical chamber, in which 
the disc mentioned is revolving, the chamber wall being 
slotted in the plane of the disc. Below this chamber 
the pipe narrows ognin. and this lower end dips into the 
outer pulp vat. suction of the pump draws the pulp 
up into lower chamber; in the upper chamber the 
a ee oil and air descends, - the 
pulp and oil particles are thrown out through the peri- 
pheral slot in the chamber and rise in the inner vst, 
which surrounds the pipe at some distance ; the light 
continue to t, whilst the heavier particles 


F 


in the outer vat. A vacuum of 2.75 in. of mercury 
id to be produced at 450 revolutions per minute, 
@ vacuum of 6 in. at 750 revolutions. A standard 


fitted with six impellers for a capacity of 55 
of ore per day 7.5 horse- r. The 
are in use in the Cobalt district of 


We 





for dealing with silver and molybdenite ores. 
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NOTE ON INCLUSIONS IN STEEL AND 
FERRITE LINES. 


By Dr. J. E. Steap, F.R.S., Vice-President. 


Tue object of this note is to place on record a large 
number of experiments to determine whether or not 
non-metallic inclusions in steel induce ferrite to crystallise 
round them. Although the author had advanced much 
evidence to show that ferrite lines in steel plates, forgings 
&c., are rather high in phosphorus, and although 
inclusions might be embedded in the white ferrite, they 
were incidental occurrences and not the cause of the 
segregation of the ferrite. 

t was M. Ziegler} who first suggested that the cause 
of segregation was the inclusions, and other authorities 
have accepted that view and have advanced evidence 
in support. 

As, however, opinion is divided it seemed advisable 
to dismiss preconceived conclusions and to start de novo 
to settle the question once for all. 

On reconsideration of the question, the following 
problems presented themselves, viz. :— 

Problem 1.—If a variety of different inclusions were 
made in steel mechanically, would ferrite crystallise 
round any of them after heating and cooling the metal ? 

Problem II.—If hermetically sealed, mechanically- 
produced cavities were made in steel, would the ferrite 
or cementite crystallise on the walls of these ? 

Problem III.—If the phosphorus, usually associated 
with ferrite streaks and non-metallic inclusions, could 


ali 






2 : 9 ey, 
az i 
A a lt le. 





os 


be removed or diffused out of such association, would the 
inclusions left behind lead ferrite to form envelopes 
round them ? 

Problem IV.—Would pure slag inclusions—sometimes 
naturally present in steel—effect a segregation of the 
ferrite ? 

Prosiem I. 


Will ferrite crystallise round mechanically-made inclu- 
signs ? 

In an endeavour to answer this question, a series of 
bar steels containing respectively 0-16 per cent., 0°34 per 
cent. and 0-48 per cent. of carbon were selected. A 
series of holes, about 1 in. in depth and } in. in diameter, 
was drilled in each. Powdered substances, a list of 
which is given below, were put into these holes, and, 
after compression, they were closed by steel plugs which 
were hammered into place and afterwards melted in by 
an electric arc. 

List of Substances Used. 


1. Crushed transparent quartz crystal. 
2. Calcined magnesia. 
3. Fluorspar. 
4. Lime. 
5. Basic slag from an open-hearth furnace. 
6. Crystals of cyano-nitride of titanium. 
7. Acid slag from an acid open-hearth furnace. 
8. Mill-scale. 
Pi Manganese sulphide, obtained from a blast-furnace 
ar. 


After filling and sealing the cavities some of the bars 
were placed inside a 3-ton mass of molten blast-furnace 
slag and were allowed to cool down with the slag. Others 
were heated to about 1,200 deg. C. in a forge furnace 
and allowed to cool in the furnace. 

Those heated in the slag were cut into two parts. 
One part of each was forged down to a flat plate and 
reheated to above 1,000 deg. C. in a mill furnace, and 
allowed to cool down with the furnace. They were all, 
after treatment, sectioned, polished and etched, and 





* Paper read before the Iron and Steel Institute on 
May 3, 1918. 
Tt “Sur la Crystallisation du Fer alpha,” 


Revue de 
Métallurgie, vol. viii, September, 1911. 


examined under the microscope, and a record of the | absence of ferrite in bands. The inclusions remained 


structures taken. 


|and were located indiscriminately in both pearlite 


It is not necessary to describe every trial in detail ; | and ferrite. 


it is sufficient to state the results in general terms. 

In no case did quartz, magnesia, lime, basic open- 
hearth slag, cyano-nitride of titanium, or manganese 
sulphide inclusions, attract or lead to the development 
of a ferrite layer. Strange to say the. exception was 
fluorspar, but, this was only in the case of the steels 
containing 0-16 per cent. and 0-34 per cent. carbon, 
which been heated and cooled in molten slag. 

As fluorspar is never present naturally as an inclusion 
in steel, although the question as to why ferrite should 
crystallise out round it, is of scientific interest, it is 
outside the question at issue. 

The oxides of iron present to the extent of about 
20 per cent. in the basic and acid slags partially de- 
carburised the steel, but in no case did continuous 
envelopes of ferrite appear round these inclusions. The 
mill-scale inclusions 
steel as was to be expected. The thick ferrite envelope 
formed was due to removal of the carbon, and not to 
any attraction of the inclusion. 


| adjacent bars and 


It has been found in the case of ship plates, which 
usually have a zebra-like structure in etched cross-sections 
that if the plates are heated to 1,000 deg. C. and slowly 
cooled, the ferrite bands reap ° pric reagents 

rove that the phosphorus is oul centrated in these 
ines. When, however, the plates are heated for a long 
time at 1,200 deg. C. the phosphorus becomes inter- 
diffused and after slow cooling no ferrite bands appear, 
but the inclusions still remain in the original position. 
Mr. Whiteley has fully confirmed this observation. 

Long ago the author made a compact maes of soft steel 
by piling bars one on top of another, and causing them 
to unite by placing powdered iran phosphide between 
eating to above 1,000 deg. C. for a 
few minutes. There was a little slag matter in the phos- 
phide, and this constituted minute non-metallic inclusions, 


ecarburised an envelope of the | After forging down the pile to a plate and sectioning, 


the polished and etched surface consisted of white lines 
enclosing the inclusions, and these were sandwiched 


Coincidentally the | between thicker layers of steel containing pearlite in 


mill-scale was partially reduced to. the metallic state. | patches. 


Greatly reduced micrographs of many of the sections are 
given below. 


Prostem II. 


entit 


Will ferrite or co crystallise on the walls of 
hermetically-sealed, mechanically-produced cavities ? 











After heating and cooling in molten slag there were 


|mo longer any white lines, and the pearlite and ferrite 
| were equally distributed, yet the trains of inclusions 


| cemented 8 


remained in the original position. He had drawn 
attention in a a paper to the fact that in certain 
ish bars the non-metallic inclusions were 


To answer this question, cavities were made in steels | associated with ferrite and pearlite indiscriminately. 


containing 0-45 per cent. and 1-50 per cent. carbon 
respectively, and after hermetically scaling them, the 
bars were heated and cooled in molten slag. They were 
sectioned and examined, but no ferrite layers were found 
on the walls of the steel containing 0-45 per cent. carbon, 
or cementite Jayers on the walls of the steel containing 
1-50 per cent. 

The crystalline structure was very coarse in each and 
the grains exceedingly large. Had there been no cavities 
before treatment, and if holes had been drilled after 
treatment into the solid steel and sections made and 
compared with those cut through the other cavities, no 
difference could have been detected. 


ProsiemM IIT. 


If phosphorus could be removed from association with 
the ferrite and non-metallic inclusions, would the inclusions 
left behind lead ferrite to form envelopes round them ? 


It has been shown in a separated paper on “Iron, 
Carbon and Phosphorus,” that when phosphorus and 
iron are irregularly distributed in iron or soft steel, if 
these metals are heated to 1,200 deg. C. and above for a 
sufficient length of time, the mete becomes uniformly 
distributed. If a forged steel, low in carbon, contains 
white streaks of ferrite which enclose non-metallic 
inclusions, and if these lines are due to phosphorus and 
not to non-metallic substances, then by causing the 
phosphorus to diffuse into the surrounding metal, there 
will be no ferrite streaks or ghost lines round the 
inclusions on cooling. The evidence which follows 
indicates that phosphorus can be made to leave the 
inclusions, and that when this occurs ferrite lines 
disappear. 

The photographs overleaf are of two forged steels 
identical in all respects, excepting that A contained about 
0-07 per cent. phosphorus and B about 0-3 per cent. 
photghiades. The silico-sulphide inclusions were equal 
in each, and, in both, although not visible in the photo- 
graphs, they are located in the white ferrite. 

The steels were in the forged condition. The white 
ferrite bands or lines are in thickness and mass roughly 
proportional to the phosphorus. These forged steels 
were heated and cooled in molten slag at about 1,200 








Prosiem IV. 

Will pure slag inclusions effect a segregation of ferrite? 

As a rule non-metallic inclusions consist of mixtures 
of sulphides and silicates and are usually associated with 
ferrite surrounding them, which is richer in phosphorus 
than the meta! external to them. 

It occasionally happens, however, that in small 
castings particles of pure silicate slag are mechanical] 
trapped in the steel. It was for these that a searc 
was made, and eventually two cases were found in which 
inclusions of the character mentioned were discovered, 
but they were not surrounded by envelopes of ferrite ; 
indeed, pearlite and ferrite abutted against the sides 
of the slag. The cupric reagent proved that the slag 
was not associated with metal rich in phosphorus. 

This evidence is quite in conformity with all the other 
evidence, and shows that if inclusions, such as are met 
with in steel, are not associated with phosphorus, no 
ferrite appears round them in continuous envelopes. 

An illustration proving that phosphorus is associated 
with normal! inclusions in ferrite ghost specks in steel 
castings is given in Figs. 8, E, F and G, page 560. The 
three photographs were taken trom the same area in a 
portion of the same steel as that in the last condition:— 

E—was etched with a dilute solution of nitric acid in 
alcohol, and only the inclusions, ferrite and pearlite 
appear. F—was etched with Stead’s cupric reagent, 
which has stained the metal surrounding the inclusion, 
but has left unstained the parts rich in phosphorus. 
G—was etched with a dilute aqueous solution of picric 
acid, which attacked the parts of ferrite where the 
phosphorus was most concentrated. 

On comparing E and F it will be seen that while the 
copper reagent indicates where the phosphorus exists, 
the picric solution locates the parts in which it is most 
concentrated. On heating the steel for 5 hours at 
1,200 deg. C. the phosphorus diffused out of the ghosts, 
leaving the inclusions behind no longer enveloped by 
ferrite. 

Finat Conciusion. 


The evidence appears to be conclusive that non- 
metallic inclusions and empty cavities in steel do not 
lead ferrite to crystallise round them, and that it is the 


deg. C., and photographs C and D indicate the complete | phosphorus—almost always associated with the inclusions 
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—which leads to the formation of ferrite ghost lines. 
When the inclusions are not associated with high 
phosphorus no ferrite envelopes appear. 





THE JURASSIC IRONSTONES.* 
The re Ironstones of the United Kingdom— 


conomically Considered 
By F. H. Haroun, Past-President of the Institution of 
Mining and Metallurgy. 
(Continued from page 517.) 
Chemical Composition.—The ave composition of 
the Middle Lias ironstone of South Lincolnshire and 
Leicestershire has been calculated from 23 analyses 


supplied by blast-furnace firms. The following localities 

are represented : Caythorpe and Honin (5 samples), 

Harston (2), Easton (6), Eastwell (7), Waltham (3). 

The method of calculation is the same as that already 

described in dealing with the Northampton ironstone. 
The results are as follow :— 














No. of Calculated Average. 
Analyses 
bs reek) the —_— As 
Calculations. Received. Dry. 
2... ..| Fe Py Se oe 25-24 30-19 
16... ..| Mn os et a’ 0-23 0:27 
oe ss ..-| 810: “F di ald 10-87 13-00 
ea ae AloOs ste “s 8-00 9-57 
2... ..| CaO es a7 at 9°55 11-42 
_-_ ..| MgO sa me ell 0°57 0-68 
18 os . . 0-11 0-13 
 -_ ooh ws 2 on 0-25 0-30 
23... ..| Moisture o's ae 16-40 —_— 
Difference = Combined 
water, CO2 andO .. 28-78 34-44 
100-00 100-00 











The range of the percentages of the different con- 
stituents in the analyses used is as follows :— 


Per Cent. Per Cent. 


Iron we ses ... from 29-80 to 17-13 
Manganese aE: i aa 0-34 ,, +15 
Silica sid an sat sgn tee ee 
Alumina ... abt sae. gn ee as” ae 
Lime he 5 ae | 
Magnesia Cai emg 0-86 ,, 0-28 
Sulphur ... tbe a ea 0-20 ,, 0-04 
Phosphorus até aie “ae 0-42 ,, 0-14 
Moisture ... ‘i »  27-00,, 9-90 


The average composition of the Middle Lias ironstone 
of Oxfordshire (including Byfield) has been calculated 
from analyses supplied by blast-furnace firms. The 
following quarries are represented: Adderbury (2 
analyses), Astrop (1), Milton (8), Byfield (26), Brymbo— 
Park Farm (average of 11 trains), and Brymbo—Redlands 
(average of 14 trains). The usual method of calculation 
has been followed. The results are as below :— 


Calculated Average. 

















Fe ‘s ‘ re Pr aa 23-97 28-32 
Mn . on je a oot 0-27 0-32 
rw, - ‘ : Sa e 10-16 12-04 
Alavs ‘nd ‘ ay “F a's 7°65 8-94 
Ca - be nh in - 12-18 14°43 
MgO .. = Ga 4: 0-57 0-67 
° ~~ 0- 0-07 
P oe ry" a - 0-23 0-27 
Moisture as se ve Js 15-60 _ 
Combined H,0, COe, and O by 
difference .. es > oe 29-41 34°94 
} 
| 100-00 100-00 
' 


The range of the percentages of the different con- 
stituents in the analyses used is as follows :— 


Per Cent. Per Cent. 
Iron ... ie 7 ney 30-45 to 17-72 
Manganese... soe be 0-64,, 0-09 
Silica ... ye eho -» 21°59,, 6-89 
Alumina ake pe ide 9-70 ,, 3-86 
Lime ... ak a oo» «6. 24& 23, 92-26 
Magnesia ese we ows 1-61,, 0-02 
Sulphur ae a Ae 0-16,, 0-01 
Phosphorus ... om vie 0-31,, 0-13 
Moisture hee od » 26°68,, 4°46 


The great variation in the proportion of silica and lime 
in the above analyses of Maristone is due to the fact that 
while in some cases the stone has remained unchanged, 
the lime and most of the iron beiag present in the form 
of carbonate, in others it shows evidence of complete 
reconstruction, for the lime has been dissolved and 
removed, while the iron has been oxidised and hydrated. 
Whether, in any given case, this takes place or not, 
agg on the thickness and permeability of the cover. 

nm this is pervious the surface waters effect the 
oxidation and hydration of the ironstone and, by 
removing the lime, raise the percentage of the iron and 
also of the silica. Speaking generally, the Marlstone is 
a limey ironstone, but under the conditions just described 
it may be distinctly siliceous. 





* Paper read before the Iron and Steel Institute on 
Thursday, May 2, 1918. Published by ission of 
the Controller of Iron and Steel Production, Ministry 
of Munitions. 


INCLUSIONS IN STEEL AND FERRITE LINES. 


(For Description, see previous Page.) 





A.—Forged Steel, eens 007% P. 
x 50. 





C.—Same as A, after ro to about 


E.—Etched with nitric acid. 
x 60. 





Sag Name of 
S & &| Quarry 
1 | Astrop 
2 | Harston 


Caythorpe 


Eaton 
Harston 


3 

4 

5 ” 
6 | Redlands 

7 | Adderbury 

8 | Eaton 

9 | Eaton 

0 

1 


Adderbury .. 
Park Farm .. 











Near Banbury, Oxfordshire .. aid 
N. of Melton Mowbray, Leicestershire 


8. Lincolnshire. . 
N. of Melton Mowbray, Leicestershire 
Near Hook Norton, Oxfordshire 


Near Banbury, Oxfordshire .. ee 
N. of Melton Mowbray, Leicestershire 


Near Banbury, Oxfordshire a 
Near Hook Norton, Oxfordshire 


x 


Situation. 


” ” 





By ——— — siliceous and limey analyses 
t) 


separately, the 


Fe 
Mn 
SiO, 
AlgO; 
CaO 
MgO 
B sac 
| an 
Moisture ete ais 
Difference = Combined 
water, CO: and O 


lowing results are obtained :— 


Siliceous Limey 
Ironstone. Ironstone. 
27°91 22-43 





0-28 0-24 
13-28 9°39 
8-03 7°36 
3-79 14-89 
0-42 0-61 
0-05 0-06 
0-22 0-23 
20-56 13-85 
25-46 30-94 
100-00 100-00 


On the next page are selected analyses of Middle Lias 


ironstone in the 





uth Lincolnshire, Leicestershire and 


Oxfordshire districts as received at the ironworks. The 


F.—Etched with cupric 
reagent. 


Alfred Hickman Ms 
Stanton Ironstone Company 


Walter Burke 


Holwell Iron Company .. 
Stanton Ironstone Company 


Cochrane and Co. a a A 
Brymbo Steel Company, Limited | Brymbo Steel Company, Limited. 








D.—Same as B, after heating to about 
1, . » 60. 





G.—Etched with aqueous 
picric acid. 


Owners. Source of Information. 


Alfred Hickman. ° 
Shelton Iron, Steel and Coal 


Company. 

Midland Coal, Coke and Iron 
comreey 

Holwell Iron Company. 

Midland Coal, Coke and Iron 
Company. 


pa 

Brymbo Steel Company, Limited | Brymbo Steel Company, Limited. 
Cochrane and Co. és ée 

Holwell Iron Company .. 


Cochrane and Co. 
Park Gate Iron and Steel Com- 


pany. 
Holwell Iron Company. 
Cochrane and Co. 





additional figures (columns 6a and 114) in the case of 
the Redlands and Park Farm ironstone represent the 
averages of 11 and 14 train loads respectively. 


THE CLEVELAND IRONSTONE. 


The ironstone bed which is the source of the bulk of 
the well-known Cleveland iron, is known as the Main 
Seam. Its relative position in regard to the other iron- 
bearing seams of the district is shown in the table on 
the next ° 

In addition to the Main Seam, some of the other seams 
have been worked to a small extent at different times. 
Thus the Top Seam was worked some fifty ears ago 
at Rosedale, south of the Esk Valley. It carried 
small patches of magnetic ore. Ore is still being won 





*See also “The Geology of North Cleveland,” by 
George Barrow, Mem. Geol. Survey, 1888, and P: 
of the Cleveland Institution of Engineers, 1877-1880, 
pages 108, 180. 
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ANALYSES OF JRONSTONE AS RECEIVED. 


Sours Liycounsuire, LEICESTERSHIRE AND OXFORDSHIRE. 





























of outcrop at Spawood the ironstone averages 6 ft. 10 in., 
of which 14 in. is shale, and carries 27 per cent. of iron 






























































after 15 per cent. of shale has been picked out. At 
1. 2. 3. 4. 5. 6. 6A. Belmont, Roseberry, Ayton and Ayton Bank it is from 
tan eG ie ape 5} ft. to 6 ft. in thickness, including about 2 ft. of shale. 
Astrop. | Harston. |Caythorpe.| Eaton. | Harston. The point is even better illustrated by a comparison 
io re of sections through the Main Seam taken at different 
points on the line of dip through the Spawood mine.* 
Fe 21-29 24 = —s ye a 4 eee 25-53 These show a tint mec in thickness of 
Mn 0-12 0-20 ‘ ; : : : the bed from 7} ft. without any shale to 64 ft. inclusive 
S8i02 7-69 9-92 10-67 10°25 8-77 8-84 9-69 : 1. ; : 3 
AloOz 7-45 8-80 6-71 6-98 9-05 9-28 oa of 18 in. of shale—a diminution in the thickness of the 
cad 16°65 9-44 12-74 10-05 11-07 12-37 11-28 ironstone amounting to 35 per cent. within a distance of 
MgO 0-92 0-48 0-83 0-68 0-39 0-64 — 2 miles. The change is accompanied by an increasing 
s > 0-06 0-20 0-04 0-05 0-13 0-06 = leanness of the ironstone. Two such sections are the 
M 4 4:50 20-00 13-00 17-00 14-80 1160 19-9 | wee — 
Moisture . ok 14-50 _ ? 7 . . . . . 
ce ta ae 8-58 9-56 10-62 11-06 11-46 11-90 — Spawood Mine. 
Combined H20 and CO» 23-09 _ 19-63 was 17-89 _ ~~ Section taken in the main headway, 900 yards from 
Other constituents . 0-20 _— _— — _ _ _ entrance. 
Loss on ignition. . _— 17-17 _ 19-50 -- 17°15 18-42 
Total .. 99-86 99-91 99-94 100-77 99-98 99-77 _ Thick- Fe. S10p. 
Tg ness. | per cent.| per cent. 
Fe in sample dried at 212 deg. 24-90 30-00 28-30 29-73 30-40 31-00 29-65 In. 
Character of stone oe ee Limey Siliceous | Siliceous | Siliceous | Almost /|Self-fluxing 
self-fluxing Shale and Dogger _ -- ‘ine 
Sulphur Band ..| 6to8 _ _ 
a Tee 8 Top Block Iron- 
2 stone .. “ 33 27-6 15-5 Total ironstone 
7 8. 9. 10. 11. 11a, ae 6 26-6 19-0 6 ft. 9 in. with 
_ Z Shale an 6 — _ 28 per cent. 
Adderbury.| Eaton. Eaton. |Adderbury.|Park Farm.|Park Farm. “er ce 6 27: 17-1 Fe and 14:8 
Bott Block 
te a Str pi o . Ironstone os 36 28-9 13-2 per cent. SIO, 
Fe 27-18 27-69 29-80 30-18 31-20 29-89 Black Hard Shale 24 _ _ _ 
Mn 0-09 _ 0-30 0-20 0-33 — Pecten Seam... a — _— -- 
SiO 9-27 14-00 11-95 9-89 10°45 12-64 
a rae | $8] fo | 38s | Ea] a. 
Cad 1l- ‘ ' 3-8 “34 2-07 . 
x 3 | oo | $38 | Sop] Ser] = Rptiy teen 
8 ‘ ; , , ‘ aa Section taken near the Belmont boundary, 1,700 
Pp a ee 0-27 0-38 0-33 0-27 0-13 — . ‘ : 
, SL Sa 1-59 nia = 1-30 ot im yards south-west of preceding section. 
Moisture P 12-20 14-00 19-00 19-00 22-00 19-53 
Oo 60 os Ba 11-86 13-30 St 13-65 — Thick 
Difference ‘i 20-15 — 4 ora — ¥ Fe. SiO, 
Loss on ignition - 18-06 12-07 — 10-21 12-85 —_ Per Cent.|Per Cent.| ‘48 Mined.) 
Total 100-00 99-24 100-00 100-00 99-86 ae 
——— M Shale, rand 
Fe in sample dried at 212 deg. ee 30-90 32-20 36-80 37-20 40-00 37-14 Sulphur Band . . a= a = cum 
Character of stone a or . |Self-fluxing| Siliceous | Siliceous | Siliceous | Siliceo Top Block Iron- 
stone .. - 30 27-3 14-2 Total ironstone 
_——— Shale oe an 18 oo <a 4ft.5 in. with 
from pillars in the East Rosedale mine, the output being | at Saltburn. The ironstone can be traced on the east +d ** Block 16 24-8 22-7 ee Far 
about 2,000 tons per week. Small areas of the Top /| side of the ravine to Huntcliff, and thence along or near| fronstone... 9 28-1 21-1 per cent. S10, 
Seam are also worked at Eston and Upleatham. Some | the coast as far as Staithes. At Old Nab, east of Staithes, | Black Hard Shale — — — 
work was done on this bed in 1910 by Sir B. Samuelson | it runs out to sea ; but a few miles farther east it touches 


and Co., at Swainby and Coldmoor on Whorlton Moor, 
an outlier of the Cleveland Hills, 8 miles to 10 miles 
north-east of Northallerton. At Swainby the total 
thickness of the bed reaches a maximum of 20 ft., the 
best portion being a seam 7 ft. to 9 ft. in thickness and 
containing on the average 16 per cent. of iron, 16 per 
cent. of insoluble matter and 22 per cent. of lime. At 
Coldmoor, the best part of the bed is from 6 ft. to 9 ft. 
in thickness and contains on the average 16 per cent. 
of iron, 12 per cent. of insoluble matter and 24 per cent. 
of lime. As this material would have to be got by 
mining, its use is at present not a practical proposition. 
When the bed crops at the surface, the usual processes 


the coast again at Kettle Ness. 

The general dip is to the south-east at a low angle 
{2 deg. to 4 deg.). 

At a distance of 1 mile to 14 miles south-east of the 
outcrop at Eston Hill the ironstone bed is cut off by a 
great strike fault—the Upsall fault. On the south 
side of this, the ironstone lies relatively higher than on 
the north side and the “throw” is considerable ; but 
for 2 miles or more across the valley of Guisborough, 
the ironstone bed has been removed by denudation, the 
outcrop first reappearing along the escarpment of the 
main plateau of the Cleveland Hills at Roseberry Topping, 
Hutton Longcross, Belmont and Sparwood, where it 





of oxidation and hydration, accompanied by a leaching- 
out of the lime, have had the effect of raising the per- 
centage of iron considerably. An analysis of oxidised 
stone disclosed in one case an iron-content of 38 per 
cent. 


Thickness 
| Thickness of 
Geological | Name of Seam. of inter- 
Formation. - | Seams. vening 
Strata. 
| 
| ft. ft. 
Inferior Molite Top of Oolite Seam 
(horizon of _ the 
Northampton Stone) | 4 to9 _ 
Upper Lias Strata - aa _ 260 
(Main Seam 5} to 12 _ 
|| Shale ” — 2 to 6 
| | Pecten Seam .. lj} to 6 _- 
Middle Lias .. Shale Hi _ 3 to 7 
| Two-foot Seam 1} to 24 —- 
e 7 os 20 to 30 
| | Avicular Seam 0 to 3 — 











The seams underlying the Main Seam have not been 
separately worked, except at Grosmont in the Esk 
Valley, where the Pecten Seam has been mined to some 
extent. The Skinningrove Company has recently started 
some experimental work on the same seam in the Brotton 
mine, and this will probably decide the question whether 
the ore in these thin underlying seams can be won at 
a profit. The Two-Foot and Avicular Seams are 
probably too thin and poor to be worked under present 
conditions ; but thirty-five years ago the Avicular Seam 
was mined over a considerable area at Grosmont and 
blast furnaces were run on the ore for some years. r. 
H. E, Wright, who in 1912 investigated this seam in 
the Eskdale mine at Grosmont for Sir Arthur Dorman, 
informs me that the ironstone averages about 3 ft. in 
thickness and contains (as mined) 25 per cent. of iron, 
16 per cent. of silica and 9 per cent. of lime. 

e Main Seam shows at surface on the northern 
escarpment of the hill on which Eston Beacon stands 
and around Upleatham Hill and Hob Hill. The outliers 
formed by the two last-named hills are isolated by the 
Skelton Beck, which flows in a deep ravine to the sea 


occurs at from 400 ft. to 600 ft. above sea-level. 
The ironstone was originally won to some extent in 
m-cast workings, as at Eston, Upleatham and Hob 
ill, but is now all got by mining. It is brought to the 
surface through adits, as at Eston, Upleatham, Loftus, 
Boulby and Grinkle Park ; or by means of shallow shafts 
as at Skelton (depth of shaft, 120 ft.), Stanghow (126 ft.), 
South Skelton (212 ft.), Brotton (281 ft.), and Longacres 
(286 ft.); or, again, by deeper shafts, as at Liverton 
(480 >> Lumpsey (563 ft.), Skelton (589 ft.) and Lingdale 
(628 ft.). 

The outcrop south of the Upsall fault is also worked 
by adits at Ayton, Ayton Bank, Roseberry, Belmont and 
Spawood. 

The best part of the Main Seam is in the north-western 
= of the field. At Eston, Upleatham, Longacres, 

umpsey, Skelton and Park Pit, the ironstone is 
from 9 ft. to 12 ft. in thickness, with an average iron- 
content of from 28 per cent. to 29 per cent. in the ironstone 
as mined. 

The following section taken in the Lumpsey mine is 
typical :—* 


oO 


Ft. In. 
Shales — 
Dogger eee tee. 
Sulphur band... soe 6-2 
Top block ironstone ... 4 6, Total 
Dogger ose ose 2 0 ironstone, 
Bottom block ironstone 3 O89 ft. 6 in. 
Black hard shale * 6 0 
Pecten band ... - 


In the direction of the dip, the ironstone becomes less 
in thickness and split into two parts by a shale band 
(represented by the second Dogger in the above section), 
which increases as the ironstone diminishes. In addition 
the latter becomes leaner, é.e., lower in iron and higher 
in silica, with the final result that it cannot be worked 
at a profit. Thus at Stanghow and Lingdale, which are 
on the dip of Park Pit and Lo , the average 
thickness of the ironstone, after ucting the shale 
band, is from 44 ft. to 5 ft., the average iron-content being 
about 26 percent. At Boulby and Grinkle Park, at the 
eastern end of the field, it is from 54 ft. to 6 ft. in thick- 
ness, including 1 ft. 6 in. of shale. On the southern line 








* Sections of the Main Seam at its outcrop are fully 
described in Tate and Blake’s “ Yorkshire Lias.”’ 




















In the country to the dip of the belt in which the 
mines are situated, the ironstone is even more split up 
by shale-intercalations and its iron-content Further 
diminished. 

Some explanation of the terms used in the above 
sections is perhaps needed. There appears to be in the 
constituent layers of the Main Seam every gradation 
between a siliceous clay-shale with small iron-content 
and acalcareous ironstone with smaller but still notable 

roportions of silica and alumina, The known as 
the “ Black Hard ” and the layers of dogger} represent 
such gradations, the Black rd being a ferruginous 
shale with few laminations and the dogger a ferruginous 
mudstone entirely devoid of laminated structure. The 
Black Hard which underlies the Main Seam is on account 
of its high silica and alumina content rarely ever worked, 
altho it contains a notable proportion of iron. An 
analysis of a Spawood sample gave 23 per cent. of iron 
and 27-4 per cent. of insoluble matter. At Eston, 
however, it is worked with the overlying ironstone, the 
total thickness broken at that mine being 14 ft. (possibly 
this —s places include the Pecten Seam). 

The egers occur as layers immediately above and 
below the Top Block ironstone and above the Bottom 
Block ironstone ; also as irregularly-shaped masses in 
the ironstone itself, giving it in places a spotted or mottled 
appearance. As shown in the above sections they often 
contain almost as much iron as the ironstone itself, but 
are invariably higher in silica and alumina. 

The Sulphur Band is a layer of disseminated 
a few inches in thickness, which occurs immediately 
above the Top Block ironstone. It usually comes away 
with the ironstone, and care has to be exercised either 
to leave it in the mine or to remove it on the picking 
belts. 

The ironstone, as mined, is a dark-coloured greyish- 
green rock, in which the little round grains (ooliths) are 
easily discernible with the aid of a magnitying glass. 
The researches of A. Dickt have shown that the 
colour of the stone is due to the presence of a silicate 
containing both oxides of iron, further that the ooliths 
consist in the main of carbonate of iron, but that they 
have an exterior shell of soluble silica. These siliceous 
shells are very clearly seen in the beautiful 
taken by Mr. Stead§ of material that had been treated 
with ee , 

The origin of the ironstone is still open to argument ; 
but the ew chiefly held is that first formulated by 


ites, 





*I am indebted for this information to Mr. H. E. 
Wright of Sir B. Samuelson and Co., Limited. 

+ Iam using this term in the sense in which it is used 
by the Cleveland miners, and not, as is customary among 
geologists, as a synonym for the Top or Oolite Seam. 

¢ A. Dick, “ Iron Ores of Great Britain,’’ 1856, page 97, 
and Quarterly Journal of the Geological Society, 1856, 


page 357. 
§J. E. Stead, “Cleveland Ironstone and Iron,’ 
Cleveland Institution of Engineers, 1910, page 7. 
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TABLE L—Averace Weexty Ovrrur or Iron Ore From MINEs IN THE CLEVELAND DISTRICT DURING THE 


Last QuarTer or 1917, aND Tora PropvucTion FOR THE YEAR 1917. 






































THE EFFECT OF COLD-WORK ON THE 
DIVORCE OF PEARLITE.* 
































SG EL a Me By J. H. Wurretey, Stockton-on-Tees. 
Weekly Output. Total Output, 1917. 2 
Seen eee Se . Tue observations here recorded were made in con- 
~ Mine. tinuation of the study of the Eggertz colour test for 
wane. Mine. Group. Mine. Lg combined carbon. The Fowsigeé poe ~~ the 
Tons. Tons. Tons. ‘ons. subject has recent] m presented as a Carnegie 
E aed: 2 E : Research Memoir. It is there shown that the colour- 
Sener sertaeetre fs Rae carbon given by a cold-worked sample of steel is generally 
es Mi 
Bolckow, Vaughan and Co., Limited Eston 9,785 508,828 considerably higher than that given by the same material 
N. Skelton oan pon igaed in an unstrained condition, and the e rimental evidence 
— “e 4.688 243.785 suggests that the effect of cold-work is to produce an 
— yj eerie La ; 1,419,388 | alteration in the degree of electrochemical action between 
Pease and Partners, Limited Loftus 7,686 399,662 the ferrite and y oy ps — _ —— is dis- 
, e ad 3,813 198,295 solving. It was thus to be expected that, if the strain 
Upleatham .. 4,589 238,633 due to cold-working were removed by suitable annealing, 
Ayton 2,107 18.195 109,556 946,146 | the colour-carbon of the stee] would revert to the lower 
Bell Brothers, Limited .| Lampeey and Carlinhow .. 9,875 ‘ 513,480 ‘ value given by the sample in the unstrained condition. 
. Park Pit .. -Y a? 4,027 209,422 A ager —— made, ar pm in — Ey of 
kelton 1,467 76,290 pearlitic steels were annealed tn vacuo for abou our 
8 rats —_ 0 bar at 650 deg. C.; instead of a rg oe in the value fad the 
Dorman, Long and Co. “3 a ..| Kilton 5 5 , 7 colour-carbon being obtained, however, it was found 
Sir B, Samuelson and Co., Limited .. . aoe Sas 8,265 Sonaee . 429,799 | that in every case there was a large increase. Two 
rnace Company, Limited .. pa hy Y ‘ examples are given in Table I; to produce the same 
panty mtd { a — — 5,366 — 279,047. | increase in the colour values of the unstrained steels, 
Fleet Iron Company .. ms ..| Liverton 3,228 3,228 167,874 167,874 |a very prolonged heating at the above temperature 
: és ..| 8 w 3,077 3,077 160,004 160,004 | would be required. 
corey ed ree “Limite Boul 2,554 2,554 132,790 132,790 q Tantz I 
Grinkle Park Mining Com y. Limited’| Grinkle Park : 3,007 156,384 156,384 : 
Co n ° 
awe mee 1,346 1,346 70,006 70,006 Sample. A. B. 
90,737 4,718,374 itis ts athe ee a + 
Lasce East Rosedale 1,759 1,759 91,487 91,487 m by combustion : : 
vce arene ; ———_—_—_——_—_———_ ; Silicon 4 oe oe és ae ee 0-195 0-065 
Average output per week ° Se bis 92,496 Phosphorus os we Ae ae 0-025 0-022 
Total output for 1917 4,809,861 Sulphur oe a om ad “A 0-035 0-033 
wae orente Manganese .. o%* +s ue aia 0-77 0-75 
tits i. i ad kal — by colour in out (unstrained) -_ am 
Taste Il.—Out ‘rom the Cleveland Ironstone Mines | (i.e., the extraction of the pillars) involves the fall of the pieces... +s ++ oe es ° “6 
for pat ear from 1860 to 1917.* roof to goaf, unless the natural conditions (such as water —. b yr bs Soe ++} 0-59 0-78* 
in the overlying strata) are considered unfavourable oaeeiell ob 650 deg. C. ep aah 0-70 0-94 
y aie _— Tons to this method of working. In this case, the roof is 
= : ; . supported by ‘‘stowing ” the shale picked out from the - 
1860 .. .. 1,471,319 1889 .. 5,728,314 | seam during the first working, or, if this does not suffice, Taken as standard. 
1861 .. -» 1,242,514 1890 .. 5,617,573 | by bringing filling material from the dumps at the surface. Since the size and shape of the cementite particles 
a -- aes ees °° rite According to returns made for the year 1917 to the | had been found to be danely related with ie eatour- 
1863 + .. “* yt ates "6 ey Cleveland Mine Owners’ Association, 91 per cent. of the | carbon result, the next step was to prepare samples 
1865 ¥ |) 2762,359 1894 5,048,966 | Stone is won by ratchet or rotary hand drills, 7 per cent. | of these two steels in the strained and annealed conditions 
1866 2,809,061 || 1895 5,285,617 | by power-driven machine drills and 2 per cent. by| for microscopic examination. Bars about 2 in. long 
= ey = sarees er jumper drills. The blasting material is black | and } in. square in section were cut from each, and these 
»785, ‘ + Sere powder. were hammered down to } in. square section under a 
1969 5,006,678 se X Pytey aed In the older mines development is, to all intents onal stone hammer, A Row this treatment the bars 
aoe pete reed ‘ Hy and purposes, complete, and work is now practically| were kept at a temperature below 100 deg. C. by 
1872 4,974,950 1901 : 5,100,823 | Confined to the “brokens ” (j.¢., the extraction of the | frequently dipping them in cold water. Sections were 
1873 5,617,014 1902 . 5,396,670 illars). The total reserves of the 22 mines at present |then cut and polished and the cementite stained by 
1874 . 5,614,822 1903 . 5,668,2' ing worked are estimated at 192,500,000 tons,* which, | ; i . i: . : 
, g b ’ immersing the specimens in a hot solution of sodium 
1875 . 6,121,794 1904 - 5,719,607 | at the present rate of production, is equal to thirty-five | pj for about 15 mi s. 
1876 6/562 1905 5 934,283 > he picrate for about minutes. t 
* gona ‘ * 8109. years life. A typical example of the pearlite in the hammered 
pred yotese pene ee : ROT According to returns made to the Cleveland Mine petition of aa % 2B a ny magnification of 1,250 
1879 : 4,750,000 1908 . 6,072,033 | Managers’ Association for all mines, including East| diameters, is shown in photograph No. 1. When 
1880 - 6,486,654 1909 6,191,172 le, which is working on the Top or Oolite Seam, compared with the pearlite in the unstrained steel, the 
1881 . 6,538,471 1910 6,152,823 the production last year amounted to 4,809,861 tons. carbide laminze appeared to be more irregular in outline 
1882 - 6,826,314 eon 008,615 The ownership and weekly and annual output (1917) | owing to distortion, but no other change could be seen. 
ba : Qaetees poars “ace stn: | of the Cleveland mines is shown in Table I above, and| A similar effect was observed in the pearlite of the 
1885 7 5,932,244 1914 5,574,788 Table II gives the production of the district for each hammered scction of sample A.t 
1886 . 5,370,279 1915 .. .. 4,746,293 | year from 1860 to 1917 inclusive. : Portions of these cold-worked bars, ther with 
1887 . 4,980,421 1916 .. .. 4,315,765 With the exception of the last two mines, the output | sections of each stee! in the unstrained condition, were 
1888 . 5,395,942 1917 .. -» 4,907,016 | goes to blast furnaces worked by the mine owners. e | next heated for 1 hour at 650 deg. C. The colour-carbons 











* The outputs for the last twenty-five years were furnished 
by the Cleveland Mine-Owners’ Association. Those for the 
vious years are taken from Kendall’s “Iron Ores of Great 
tain and Ireland.” . 
y Durham coal strike (three months). 
t National Coal strike (five weeks). 


Dr. Sorby,* namely, that it is a case of metasomatic 
replacement of carbonate of lime by carbonate of iron, 
onlonaneatiy to the deposition of the bed as an oolitic 
limestone. 

Method of Working.—The mines are worked on the 
bord-and-pillar system. In most mines rope haulage is 
used, the direction of the roads in relation to the dip of 
the seam being so adjusted as to give sufficient fall to 
enable the trains of — pit-tubs to return by gravita- 
tion and carry the tail rope with them. The rope 
haulages are actuated electrically. 

From the main roads secondary roads branch diagonally 
both to the rise and to the dip. Those to the rise are 
self-acting inclines. In the case of the roads to the dip 
the full tubs are raised by auxiliary rope haulages, the 
pes gen being returned by gravitation. In the large 
and older mines the haulage roads total a score of miles 
or more. Separated from them by 20-yard pillars 
are parallel roads which are used by men and horses in 
travelling to and from their work and also serve as 
air-ways. 

The diagonal roads are connected by cross-headings, 
and pillaring is commenced by driving the bords. In t 
best practice, the pillars are 20 yards square with 25-yard 
centres, 40 per cent. of the stone being taken out in the 
first workings. Where the pillars have been “ robbed,” 
by enlarging the bords and splitting the pillars a higher 
percentage of stone is won in the first working, but there 
is an ultimate loss, since the crushing of the stone under 
the i dp prevents the complete removal 
of the pillars during the second working. 

second workings can only begin when the haulage 
roads reach a boundary, for the working of the “‘ brokens ” 











*H. C. Sorby, Anniversary Address, Geological 
Society, vol. xxxv., page 84, and Proceedings of the 
Geological Society of Yorkshire, 1856, vol. iii, page 457. 





output from Brotton goes to Messrs. Cochrane and Co.’s 
Ormesby works, and that of East Rosedale to Sir B. 


Samuelson’s works, 


(To be continued.) 





DETERMINATION OF OXYGEN IN IRoN.—A method for 
the quantitative determination of oxygen in iron was 
proposed by Ledebur in 1882. He heated the iron in 
a current of hydrogen and absorbed the water formed by 
the combination of part of the hydrogen with the oxygen 
in the iron with the aid of phosphorus pentoxide. The 
method and similar methods oe found little application, 
however, because the analysis takes a long time, four or 
five hours, and Ledebur was himself doubtful as to its 
reliability. The oxygen may be present in the iron as 
such, orit may be combined with the iron and the various 
other elements in the iron, and those compounds are not 
reducible with the same ease. It is assumed that 
manganous oxide and silicates, likely to be present as 
slag enclosures, are not reduced by hydrogen at tempera- 
tures of 900 deg. or 1,000 deg. C., which are generally 
the practical limit of such analyses, while ferrous 
iron is reduced. At the same time it would be highly 
desirable to follow the advancing disoxidation of 
metallurgical —— by analytical means, and to have 
some means of determining the occlu oxygen in iron, 
to which some metallurgists attribute considerable 


given by cut pieces of the strained sections before and 
after annealing ware then obtained, the unannealed 
drillings of sample B being used as a standard. The 
2sults are given in Table II, and it will be seen that in 
the annealed pieces from the hammered bars an increase 
in the colour values of the carbon is obtained which 
is quite equal to that given by a similar treatment of 
the drillings (Table I). There can be no doubt, therefore, 
that with both types of cold-working annealing at 
650 deg. C. produces the same effect. 














Taste II. 
Sample. A. B. 

Pye yes iz PPP: Per Cent. | Per Cent. 
Carbon by combustion .. a se “5 0-78 
Carbon by colour in hammered bar adi 0-57 0-75 
Carbon by colour in hammered bar after 

annealing 1 hour at 650 deg. C. ne 0-69 0-94 
Carbon by colour in piece quenched and . 

tempered 2 hours at 660 deg. C. 0 0-70 0-96 








*Paper read before the Iron and Steel Institute, 
May 3, 1918. 

+ In preparing sections of finely pearlitic steels, when 
sodium picrate is to be used, care must be taken to 
prevent the least drag or flow of the ferrite over the 





importance, It is therefore interesting to note that P, 
Oberhoffer, of Breslau, claims to have simplified the 
Ledebur method so that a complete analysis can be made 
within an hour and that metallurgical processes can be 
watched. The apparatus (Stahl und Eisen, February 7, 
1918) consists of a hydrogen generator, apparatus for 
purifying this gas, a mercury air pump of the Beutell 
type, a combustion tube of silica-glass and a tubular 
electric furnace. The iron specimens, turnings as a rule, 
are heated in the tube by means of the burner to facili- 
tate the plete evacuation of the tube, the hydrogen 
is then admitted, and the furnace slipped over the tube 
which is raised to a temperature of 950 deg. C. 








* From information obtained for the Ministry of 
Munitions by Mr. G. E. Stephenson. 





tite laminw, or the result may be somewhat mis- 
leading. After polishing with diamantine on a Selvyt 
cloth, the sections can be very lightly etched with 
alcoholic picric acid to remove any surface flow and then 
ba by ogee : . ; 
t great advantage of using sodium picrate in 
developing the carbide structure of these finely pearlitic 
steels is seen on comparing photograph No. 1 with 
photograph No. 2. The latter shows the structure 
obtained after etching the same steel for about 15 seconds 
with a solution of picric acid in alcohol. Here only 
traces of the lamell# appear, and under a magnification 
of 500 diameters were not visible. The steel then 
appeared to be entirely “sorbitic ” in character, and as 
such it would have to be described if the classification 
roposed by Howe and Levy (Journal of the Iron and 
Bien! Institute, 1916, No. IT) were adopted. 
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THE EFFECT OF COLD WORKING ON THE DIVORCE OF PEARLITE. 


(For Description, see opposite Page.) 


~ 


TOT PS Pe ee No. 1. 





Pearlite in hammered bar of sample B (carbon 
by combustion = 0.78 per cent. ). 


. Ditto ditto (etched with picric acid). 
. Ditto ditto. 
. Same area as shown in No. 3 after heating at 


600 deg. Cent. for 15 minutes. 


. Same area as shown in Nos. 3 and 4 after 


heating at 660 deg. Cent. for 15 minutes. 


. Pearlite in hammered bar of sample B after 


heating at 550 deg. Cent. for 15 minutes. 


. Pearlite in hammered bar of sample B after 


heating at 660 deg. Cent. only for 15 min. 


- Pearlite in sample B (unstrained) after heat- 


ing for 40 hours at 680 deg. Cent. 


. Sample B after quenching and tempering for 


2 hours at 660 deg. Cent. 


. Hammered section of sample B after heating 


for 2} hours at 680 deg. t. 


- Pearlite in annealed casting (c.c. 0.40 per 


cent.) after hammering. 


. Ditto (unstrained) after heating for 4 hours 


at 680 deg. Cent. 


i Ree eee oe le B after 
ting for 2 hours at 680 deg. Cent. 
. Section of the annealed casting after ham- 


_— and heating for 4 hours at 680 deg. 
mt, 


Aut Sratmvep wira Sopium Prorate excerpt No, 2, waich was Ercuep wir Picric Acrp. 


Maeniriep 1250 DiaAMETERS AND ENLARGED BY ONE-FouRTH 
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On examining sections of the annealed cold-worked 
bars under the microscope, it was found that almost the 
whole of the lite had been divorced. In both cases 
practically all the cemontite was now in the form of fine 
rounded particles uniformly distributed in the manner 
shown in photograph No, 7. No such change had 
occurred in the unstrained sections which were annealed 
at the same time; in fact, very little alteration in the 
pearlite could be detected. Howe and Levy* have 
shown that, as the carbon approaches eutectoid yp-ro- 
portions, the s at which divorcing takes place in 
unstrained steels is greatly lengthened, and to effect a 
complete divorce in such steels a very prol heati 
at chews 690 deg. C. is required. An idea of the rear 
of time necessary can be gathered from photograph No. 8, 
which was takon from a section of samplo B aftor it had 
been heated at 680 deg. C. for 40 hours; much of the 
pearlite still remains. It is thus clear that the rapid 
divorce of the pearlite on annealing the hammered 
sections must have been due in some way to the cold- 
working of the metal. 

In order to study this effect more closely, a small 
section of the hammered bar of sample B was next heated 
in vacuo for periods of 15 minutesf at successive tempera- 
tures between 450 deg. C. and 690 deg. C. 

1. 450 deg. C.—No change was observed. (The 
structure still appeared to be unaltered even after a 
further 2 hours’ heating.) 

2. 500 deg. C —The laminw showed in certain arcas 
a docided tendency to break up. An unaltered part was 
photographed (photograph No. 3) and its position on the 
surface was marked so that the break-up of this area 
could be followed. 

3. 550 deg. C.—The salected area was still unchanyed, 
but the bulk of the pearlite show.d unmistakable signs 
of breaking up. To make certain that the same change 
was occurring throughout, the section was cut in two 
and a fresh surface prepared. a No. 6 shows 
the typical broken carbide structure of this section. 

4. 600 deg. C.—The which had taken place 
in the selected area (photograph No. 3) are seen in 
photograph No. 4. The greater part of the pearlite in 
the section had been completely divorced, the cementite 
being now in the form of minute rounded particles. 

5. 660 deg. C.—Photograph No. 5; the last remaining 
laminw of the selected area had broken up, and the 
divorce was now almost complete. Another section 
from the same cold-worked bar was next heated for 
15 minutes at this temperature only. Here again the 
greater part of the rlite was found to have been 
completely divorced in this short time, as shown in 
photograph No. 7; only a few areas remained, and 
after a further 2 hours’ heating these also had vanished, 
and the whole of the cementite was now uniformly dis- 
tributed, as seen in photograph No. 10. 

A final experiment was made by heating a section of 
the hammered bar and a piece of the unstrained steel 
together for 4 hours at 600 deg. C. The very marked 
effect of cold-work on tho divorce of pearlite was again 
seen, for while the pearlite of the unstrained steel was 
pues unaltered by this treatment, that of the 

aramered section had completely broken up. It is thus 
clear from these experiments that not only is the divorce 
of tine pearlite greatly accelerated by cold-work, but also 
that the temperature at which the divorce takes place 
is considerably lowered. 

It has been shown by Howe and Levyt that, on 
annealing unstrained steels at about 680 deg. C., the 
Aer na areas are not all divorced at the same rate. 

ividently this rule applies in the case of strained steels 
also, as it was repeatedly found that while in 15 minutes’ 
heating, at temperatures above 600 deg. C., much of the 
— in the mered bars had vanished, 2 hours’ 

ating was necessary to effect a complete break-up. 
The process of divorce may be regarded as occurring in 
two stages; each layer of carbide is first broken into 
several parts, and these then ball up under the influence 
of surface tension. No clear evidence could be obtained 
as to whether the initial breaking of the lamine begins 
gradually gp Be om in certain places or takes place 
suddenly. e fact that so much of the pearlite can be 
divo in 15 minutes strongly indicates that when once 
the lamin» are fractured the subsequent spheroidising 
of the broken parts is rapidly completed. 

In order to obtain some idea of the amount of deforma- 
tion required to bring about this quick divorce on 
annealing, a bar of } in. squere section from sample B 
was given two — blows only under the steam hammer 
80 as to reduce sectional area to about 7; in. square. 
The bar was then heated for 2 hours at 680 deg. C. On 
examination, only faint traces of the original pearlite 
could be found, the carbide now being in the granular 
form; @ —— area is shown in photograph No. 13. It 
is possible that on further investigation this acceleration 
of divorce on annealing may prove to be a delicate test 
for small amounts of strain in pearlitic steels. 

Some similar experiments were now made on the 
coarse and partly divorced pearlite|in a thoroughly 
annealed casting of the following aralysis :— 





Per Cent. 
Combined carbo ha de 0-40 
Silicon ove sea ales vs 0-39 
Phosphorus ... ote ine ote 0-048 
Sulphur oes ene ses ane 0-034 
Manganese... - ee 0-510 


A bar, } in. square in section, was heavily cold-worked 
under the steam hammer as in the previous cases. 
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typical pearlite structure of this steel after hammering 
is shown in photograph No. 1l. A section was next 
heated for 15 minutes at 680 deg. C., but no change 
could be detected after this treatment. On heating for 
2 hours at the same temperature, however, the pearlitic 
structure was seen to bo breaking up, and after 2 hours’ 
more heating it had completely vanished, the cementite 
being now disteibuted through the steel in the form of 
large spheroids, as shown in photograph No. 14. An 
unstrained section of the steel was annealed along with 
the above, but even after 4 hours’ heating scarcely an; 
change could be observed ; the pearlite still remained, 
as is shown in photograph No. 12. 

There can be no doubt, therefore, that the divorcing 
of coarse pearlite is also accelerated by cold-work, but 
the break-up is evidently much slower than in the case 
of the finer torms. 

Comparison with Tempered Steels—The spheroidal 
carbide structure which is obtained on annealing finely 

rlitic steels after deformation by cold-work cannot 
distinguished under the microscope from the so-called 
“granular pearlite ” of tempered steels unless traces of 
the pearlite lamin are still present. Photograph No. 9 
shows the form of the carbide in a section of sample B 
after quenching from 800 deg. C. and tempering for 
2 hours at 660 deg. C. On comparing with photograph 
No. 10, the similarity of the structures is at once seen. 
This similarity is also indicated by the high colour values 
which a steel will yield in either condition when tested 
against the normal drillings. Four typical instances 
are seen in the last two examples given in Table II ; 
the carbide in these four annealed sections was in the 
spheroidal form seen in photograph No. 9, and in each 
case the colour value is about 20 per cent. — than 
that of the drillings of the pearlitic sample. steady 
inerease in the colour values which can be obtained by 
radually annealing a strained steel is also shown in 
Table IL. Drillings of sample B were heated for 
15 minutes and 2 hours at the respective temperatures 
and then colour-tested for carbon against the unannealed 
drillings which were taken as standard. The results 
make it quite clear that, as the spheroidising of the 
carbide proceeds, the colour value rises. 


Taste III.—Showing the Increase in Colour Values 
btained by A ling Steel Drillings. 











Their solubility in ferrite should b2 increased as a conse- 
nee. If, m, @ steel in which cementite is thus 
formed be heated to a temperature near the point of 
recalescence, the curved lamelle ought to disappear 
and recrystallise out, but under what form? As lamelle 
or as rounded ins? Ac 1 soluble in water, if 
subjected to ssochastinel stress, its solubility increased. 
The same is necessarily true in metals.” 

2. The fact that on long annealing unstrained pearlitic 
steels at 680 deg. C., the cementite lamine eventually 
ball up indicates that these films are in a metastable 
condition. It has been shown by Goerens* that strain 
in iron due to cold-work begins to be removed rapidly 
on heating at 520 deg. C. This temperature practically 
coincides with that at which the rapid divorce resulting 
from cold-work starts. Now the removal of the cold- 
work strains is known to be accompanied by small 

s in volume, and also by some recrystallisation 

and rearrangement of the grain-boundaries. Such 

must certainly involve local variations in the 

forces of surface tension at the cementite-ferrite inter- 

faces; the metastable condition of the cementite films 

is thereby disturbed, with the result that the process 
of divorce proceeds at an accelerated pace. 

It should be observed here that before this divorce 
can take place, the crystal rigidity of both the ferrite and 
cementite must be sufficiently relaxed to allow it, as each 
constituent necessarily flows. So long as one is rigid 
the other cannot aiter its shape. e fact that the 
removal of cold-work strains and the rapid divorce 
of the pearlite begin at about the same temperature 
lends strong support to the view that the point at which 
the divorce can begin is determined by the mobility 
of the ferrite. 

3. The break-up of the cementite films may be 
regarded simply as an effect of surface tension, and may 
be compared with the behaviour of a thin cylindrical! 
stream of water issuing from a tap. It is well known 
that small vibrations which bring about slight deforma- 
tions in the metastable cylindrical form at once cause 
the stream to break up into a line of drops. Similarly, 
the thin films of cementite, though their surfaces are not 
stable, may persist for a long time in a metastable 
condition on heating at temperatures below the re- 
calescence point; but if they have been deformed by 
cold-work the films, no longer metastable, break up, 
and the parts contract under the surface-tension forces 
until the stable configuration of a series of spherical drops 





Ya + Hour. 2 Hours. 
Deg. C. Per Cent. | Per Cent. 
—.. oe ny a - oe 0-78 0-78 
440... os oe - o. 7” — 0-80 
500 .. a = 4 oe “ 0-82 0-86 
650 .. on +e os = oa 0-85 0-89 
600 .. - xe va aie “a 0-90 0-94 
670 .. 0-92 0-94 











Not only are the high colour values given by the 
spheroidal cementite comparable in the two conditions 
ebtained by annealing quenched and cold-worked steels, 
but also other points of similarity appear. It was 
~ ay tenyf noticed that cut picces of steels annealed st 
650 deg. C., after either quenching or straining, dissolved 
much quicker in the dilute nitric acid than cut pieces 
of the same steel in the pearlitic state. Furthermore, 
it has been found that the quantity of hydrocyanic acid 
given off from the Eggerts test solutions of sarnples 
containing only spheroidal cementite is invariably much 
less than the quantity evolved under similar conditions 
from solutions of the pearlitic steels. Thus both 
microscopic and chemical tests indicate that on annealing 
a strained steel for about 2 hours at 650 deg. C., its 
condition is then very similar to the condition obtained 
by annealing a quenched steel in the same way, and it 
seems reasonable to infer that, given an equality in grain- 
size, the physical properties of the two forms should be 
closely alike. 

Possible Explanations.—The striking effect of cold- 
work in causing the rapid divorce of pearlite on annealing 
was at first attributed to the fracturing of the films of 
brittle cementite by hammering. The most careful 
microscopic examination of the hammered sections 
failed, however, to reveal A traces of such fracturing 
even in places where the films appeared to be much 
distorted. Moreover, if the laminw had been uniformly 
cracked, there seems to be no reason why they should not 
all spheroidise at about the same rate, whereas it was 
repeatedly found that some areas were divorced at least 
eight times as fast as others. The flexibility of these 
fine films under plastic deformation has been observed 
by Howe and Levy,* who remark as follows: ‘ That 
these extremely thin lamelle of cementite should thus 
bend without breaking is natural, reminding us of the 
great flexibility of sufficiently thin threads of slag wool 
or glass, substances which in thick masses are so in- 
flexible.” Thus it would seem that the initial rupture 
of the cementite lamelle is not the direct result of 
mechanical deformation ; the films are merely crumpled 
or distorted by the cold-work, and before they begin 
to break the steel must be heated to about 500 deg. C. 
The cause of the accelerated divorce of tho pearlite in 
strained steels must therefore be sought in some other 
direction, and a much closer study of the problem will be 
necessary before an entirely satisfactory solution is 
obtained. Among possible cxplanations, at least three 
can be suggested. 

1. Referring to the cementite lamelle which are bent 
without breaking, H. Le Chatelier remarks as follows :t 
“Must they not have been then in clastic tension ? 





1914. 

Mf agreed 3 yp tod eae vay can this period were taken 
up in ting the specimen to t juired temperature. 
- ' eae of the Cleveland Tnstivution of Teghuaen 


* Transactions of the American Institution of Mining 
Engineers, 1914, vol. 1, page 542. 

t Discussion of Howe and Levy’s paper, Transactions 
of the American Institution of Mining Engineers, 1914, 





vol. 1. 





is reached. Thé speed of the readjustment will, of 
course, depend upon the plasticity of the crystals and 
probably, upon the*thickness of the films. 


Summary. 


1. It has been shown that by annealing drillings and 
other coal-worked samples of ——_ steels for a short 
time below the critical point (690 deg. C.) the values for 


j the combined carbon as given by the Eggertz colour 


test can be considerably raised. 

2. The effect of annealing such cold-worked steels is 
to cause the carbide laminz of the pearlite to brake up 
quickly into a series of spheroids. The change begins 
at about 500 deg. C. and proceeds with increasing rapidity 
as the temperature is raised ; on annealing at 680 io. C. 
this pearlite divorce can be completed in less than 2 hours 
even in a eutectoid steel when the laminz are very thin ; 
very coarse pearlite requires about 4 hours’ heating. 
As is well known, to bring about this result in the 
unstrained steel many days’ heating is required. 

3. The condition obtained by annealing at 650 deg. C., 
after cold-working the metal, resembles in several respects 
that obtained by quenching and tempering for about 
2 hours at the same temperature. 





Rustiess Iron Firtmnes.—A new company has been 
formed called Rustless Iron (Cowper Coles Process), 
Limited. It has acquired works at Shepperton-on- 
Thames, with a railway siding into the premises. The 
company will specialise in rustless fittings of all descrip- 
tions, especially for seaplanes and aeroplanes, also 
railway and ships’ fittings; it has, further, acquired 
some important improvements in Sherardising from 
Mr. Cowper Coles, also a new process called “‘ doxidising,” 
which is specially suitable for iron and steel work exposed 
to salt water, as the zinc coating itself is protected from 
corrosion. 





MaTEeRIAL For Locomotive Borers, AUSTRALIA.— 
We read in The Board of Trade Journal, that H.M. Trade 
Commissioner has forwarded a copy of the specification 
and form of tender in connection with a call for tenders 
by the Commonwealth Department of Works and 
Railways (Transportation and Stores Branch), for the 
manufacture, supply and delivery of material for 10 “‘G”’ 
class locomotive boilers of all steel, or, alternatively, 
copper and steel. (Specification No. CME/258.) Sealed 
tenders, on the proper forms, will be received at the 
office of the Genera] Superintendent, Melbourne, up to 
June 6. Each tender must be accompanied by a pre- 
liminary deposit calculated on the following scale : 
For amounts under 200/., 2/.; for amounts exceeding 
2007., and not exceeding 500/., 5/. ; for amounts exceeding 
5001., amd not e ing 1,000/., 10.; for amounts 
exceeding 1,000/., 1 per cent. on the amount of tender. 
The tenderer, if not resident in Australia, or if a company 
registered outside the Commonwealth, must name an 
agent in Australia to receive notifications of acceptance 
and other notices under the contract. The speci ion 
may be consulted by British manufacturers at the 
inquiry office of the Department of Overseas Trade 
(Development and Intelligence). 





* Iron and Steel Institute : Carnegie Scholarship 
Memoirs, 1911, vol. iii, page ‘383. 
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AGRICULTURAL APPLIANCES. 


113,255. J. Bamford, and C. ee, Uttoxeter. Hay 
Rakes and Swath Turners. (2 Figs.) January 8, 1917.— 
This invention has reference to side ps hay-raki 


fa 
each 5 abstract, unless the 
case. Gea > 


3. Thus, 
pun lines, it locks the extension bar 2 rigidly in a line with the 
rake bar B, and when the latch 8 is turned up as indicated by 
the dotted lines the extension bar 2 is free to be turned about 
its joint and folded as aforesaid. It = a gy that as Es 
m tion, and for the purpose take 
extension 2 when extended as aforesaid, ‘in no joint eth fitting 6 of the 
main portion of the rake bar could be furnished with a spring 
catch-pin to engage with a hole or recess in the bottom flange 
of the rake bar extension 2 when the latter is turned to its extended 
position as aforesaid. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


113,127. C. R. B. Frost, and G. Thorne, Junior, Wolver- 
hampton. Internal-Combustion Engines (2 Figs.) 
February 3, 1917.—This invention relates to the type of internal- 





ng 

and swath-turning machines of that kind in which the rake bar is 
furnished with th pendent tines which are carried by and between 
two eccentrically-placed revolving reels or spiders, and have 
combined rotary and endwise movements imparted to them across 
the path of the machine, the tines always pointing towards the 
ground at every part of their revolution. According to this 
invention, the rake bar extension 2, which is arranged to fold on 
a horizontal plane against the main portion B of the rake bar, is 
jointed on to the upright supporting pin 3, which carries the end 
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(3285) 


of the main portion B of the rake bar. This extension bar 2 
is Ss made of angle section with its lower horizontal 
4 arranged underneath the flange 5 of the main portion B 
of the rake bar and when turned to its extended position it rests 
on a lateral bracket like extension 6, which is formed on the side 
of the rake bar supporting fitti C, which fits and turns on = 
substantially horizontal crank-p 1 of the reel or spider A 
Thus the extension bar 2, with. its tines 7, can be turned hori- 
zontally about the supporting pin 3 as a centre,so as to be either 
near the main portion B of the rake bar, as indicated by the dotted 
lines in Fig. 2, or turned so as to stand out in a line therewith 
ready for use, as shown by full lines in Figs. 1 and 2. (Sealed.) 


113,117. J. Bamford, and C. J. Bamford, Uttoxeter. 
Hay Rakes and Swath Turners. (6 Figs.) January 8, 1917. 
—This invention has reference to side-delivery hay-raking 
machines and swath-turning machines of that kind in which the 
rake bar is furnished with pendent tines which are carried by 
and between two eccentrically-placed revolving reels or spiders, 
and have combined rotary and endwise movements impa 
them across the path of the machine, the tines always pointing 
towards the ground at every part of their revolution. A is one 
of,the_reels or spiders, B is a portion of one of the rake bars which 


Pig.1. 












C 14.417) / 


is For me on Pn upright pin 3 of the supporting fitting C, 
is jointed to ae jin-like end of the arms of t ‘the 
spider A. AF. 
——- 2 is 
line { 


rewith ready 


on the main portion B of the or on the 


which 

reel or 
rake bar 
to fold in a horizontal plane against the 
rtion B of the rake bar, or to turn so as to stand out in a 


for use as shown in the full lines, there is 
provided, in order to lock the extension bar 2 gid in its extended 
Positio: loc either 


engine in which two pistons are connected together, 
tandem fashion, by a common piston rod. According to this 
invention, the iston rod C of a pair of tandem istone A, B of 
an engine of the above type is hollow, as has Coon previously 

proposed, but at “the back end of the rod, or closing an opening at 
the back of the rear piston with which "the back ted of the rod 
communicates, is fitted a valve a which opens outwards only, 
and at the back end of the rear cylinder is fitted a valve e which 
also opens outwards only, and in the side of the crank-case F, 
or in other convenient position of the crank-case, is an opening 
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through which air may be drawn. During each es of the 
tandem pistons in a direction towards the crankshaft, the valve ¢ 
closes and remains closed, and the valve a opens and allows air 
to pass through from the crank-case into the space behind the 
rear piston. On the return stroke, the valve a closes, and the 
air at the back of the piston A is forced out through the valve e 
and, at the same time, further air is drawn into the crank-case F. 
The air which is thus passed through the crank-case and piston 
rod tends to cool the connecting rod bearings, the pistons, the 
ponen on surfaces of the cylinders, and the piston rod, and may be 
colin in conjunction with ordinary means of air, or water, 
Seated) such as have been used with internal-combustion engines. 


yo Vickers, Limited, and T. K. North, West- 
minster, London. Internal-Combustion Engines. (7 Figs.) 
March 6, 1917.—This invention relates to fuel a mps for multi- 
cylinder internal-combustion engines of the kind in which a 
rotatable member is provided with a series of pump cylinders 
and plungers, the strokes of which are effected by an eccentric 
ring or cam face against which the plungers act. According to 
this invention, the rotatable member B is provided with a dis- 
tributing port 61 which leads the fuel from the pump cylinders b 
to a fuel distributor D, from which it passes to the engine cylinders 
in succession. In the preferred construction, the rotatable 





member B is formed at one face with fuel ports b4 
the inner end of each cylinder to inlet and delivery ports in the 
face of a stati dise or plate C in the pump c ate from 
— the fuel supply is drawn, the fuel on delivery passing th 
@ passage in the rotatable member B to the distribution 
in the opposite face, which port moves in succession 0 
ports arranged in a ring tt in a fixed itn food pt plate D 
to distribute the fuel to the corresponding pes of the 
cylinders. The rotatable member B may be “17 form of 
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oy 


port 
over 
serving 


| Com 
|(6 Figs.) 
| ments in lathes. According to the invention, a slide is 


substance to be fed gravitates from a hi 
device aoe and through an oscillating 


per through a deli WE yee ~ 4 
elivers the su 


buting 
evenly. According to the resent invention, 
distributing Thoot A prom hed wi the fuel my 
from the outlet mouth C of the ited in and 
carried by a revolving body 
paddy hn Hhed o ky 
he 


opening through whic oscillating distributing shoot y projects 
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into the body of the pas producer. The open lower part’of the 
distributing shoot A inclines towards one side and the are of 
oscillation is such as to deliver the substance = yA ha] 


of the circular roducer to the circular wall of the 
thus, as the iting shoot revolves, the substance eu te be 
delivered fairly 


evenly over the whole of — ~ geetnaee. 
——— is provided for automatically 
E together with the distributing shoot. A an 
usly imparting the 
the latter. oreover, gast: 
are provided at the junction of the 
body part and the structure so as to prevent the escape of 
from the gas producer. (Sealed.) 
magiees’ 3 Fie)” September 19, 1917--The Inventl 
igs. ptember _ nvention 
comprises improvements in radiators ‘for use with internal- 
co! ion engines of the kind in which the water is 
through a series of tubes connecting a pair of tanks on the 
siphon principle with a tube passing bpemeny-= A. 
water tube, leaving an annular water space only ween them, 
said inner tubes extending through the tanks and being for the 
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pe of cooling air current therethrough. According to this 
nvention, there is employed in combination a pair of water 
tanks 1, 2 a series of water tubes 3 connecting said tanks, an 
disposed concentrically within each of said water tubes 


air tube 
i fight across said tanks, the lower ends of said air tubes 
Pet ns forensdly bent so as to present their lower and —_ 
ve 


at the front of the vehicle, and a projecting shield 5 a 
upper ends of said tubes. (Accepted February 20, 1918.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


114,060. C. Tunstall, ig 4 and The Coan Ce 
pany, Limit ed, taire, Shipley. thes 
April 20, 1917.—The invention relates to ppeore- 
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disc mounted oo an engine-driven shaft J passing 
rake bar suppo pump casing, the disc being bored with a series of radial 
bracket of the same, or on the extension bar 2 itself, and nl at the inner ends of which are the fuel ports 04 opening 
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2 ate mounted in grooves 3, 4 in the baseplate 5 to 
be secured by bolts 6 on any usual traversing slide. tools 
1,2 can be adj of bars 7, Fig. 3, 
the spindles 8 of which are threaded on their r ends to carry 
knurled thumb-screws. On the baseplate 5 may be mounted 
a tool 11 to carry one or more tools 12 for yy] on the 
end of the work in normal manner. (Accepted March 27, 1918.) 


MINING, METALLURGY AND METAL-WORKING. 


112,785. The Eastville Engineering and Rock Drill 
Company, Limited, and W. Lev » Fishponds, 
Bristol. Pneumatic Percussive Tools. (3 Figs.) July 8, 
1916.—This invention relates to rock-hammer drills of the kind 
ada) to be operated by compressed air and in which the valve 
for ibuting or controlling the motive fluid is arranged between 
two valve seats therefor disposed within a bush —_ ports 
through which the motive fluid can pass to the distributing 
valve. a denotes the valve chest, b the valve, and c, d the 
valve seats therefor. The valve is located in the bush e mounted 
within the inner adjacent ends of the two-part sleeve f, g, and 
detachably secured to the valve chest so as to be incapable of 
angular movement by means of a bolt A engaging a correspondin, 

= of an annular projection or flange « provided on the bus! 

ntermediate of the ends thereof. The two-part sleeve f, g 


Vite” —— 
2 Ss 


N 


and the bush ¢ are provided with elongated ports j and &, respec 
tively, the said two-part sleeve /, ; being capable of angular 
adjustment relatively to the bush ¢ in order to vary the area of 
the oa by the ports j, k, according to whether it is 
required allow for the of more or less motive fluid 
through the valve chamber. /, i are the trunnions with which 
the two-part sleeve is formed, said trunnions being supported 
in bushes m screwed into the ends of the valve chest. Nuts n 
are jayden ed on the trunnions for locking the two-part sleeve 
J, g, in position after it has been set or adjusted. The trunnions / 
are also formed with r outer extremities o to permit 
of the two-part sleeve being adjusted by appropriate means, such 
as a spanner, for effecting the r displacement of the said 
sleeve. For enabling the position of the parts f, g, to be re; 
tered with accuracy an index provided at each end of the valve 
chest a, each index being adapted to mo over a corres- 

scale or graduations formed on or attached to the valve 
chest, (Sealed.) 


113,051. J. S. Atkinson and Stein and Atkinson, 
Limited, - pparatus. 
(3 re). 5 


Westminster. a Mani ting A 
May 24, 1917.—In the manipulation of ingots, more 


particularly in connection with furnaces and rolling-mills, a 
Aye Bee transporting device lifts the i and delivers it 

ar and falling table or eres, which lowers the ingot on 
to transporting rollers and simultaneously turns it through an 
angle. e first device consists of « pair of iP arms 8, 
pivoted together at 9, and carried by a depending support 7 from 
an over carr’ The connection between the arms 8 


4. 
and the support 7 is made by blocks 11, which are longitudinally 









































movable relatively to the arms, and are pivoted on a cross-pin 
carried we pin 19 rotatably mounted in the lower end of the 
arm 7. operetion, the gripping jaws are positioned to embrace 
the i , and the carriage 4 is then moved to slide the blocks 11 
along the arms 8. A firm grip is thus obtained, and the ingot 
can lifted and transported. T..e table or frame work 13 is 
operated by a hydraulic cylinder 15, the ram of which carries a 
— 17 engaging a cam groove 16. As the table is lowered, 
t turns through a right angle so that the i is brought into 
position for transfer to a roller-way 2. ( ) 


113,225. E. W. Davies, Dowlais. Automatic Manipula- 
tion of Ingots. (10 Figs.) July 13, 1917.—This invention 
relates to appliances for the automatic manipulation of metal 
ingots at ing mills. Between two of the conveying rollers R, 
in connection with the roughing and cogging > tudinal 
bedplates a acting as ideways are provided. Mounted so as 
to slide along these guideways are the a 
One of these consists of a crosshead b, opera’ by the piston rod 
bl, and having pivoted at each side thereof a serra 
balanced plate ¢, The ¢ are ena! 
but when the plates are released  & 

The other operating member comprises a recessed 
ele S aan ye rod dil, Pivoted within 
the recessed portion of the crosshead d is the tilting arm «. 





Pivoted to the upper end of the aes arm ¢ is a link h, which is 
voted to the turning clutch p. voted to the lower end of 
he arm ¢ is a link m, which in turn is pivoted to the lower end 
of the turning clutch p. shows an ingot which it is desired to 
turn. The use of this form of the a tus will be easily 
understood. ‘The ingot g travelling on the rollers R is brought 
into position in the ordinary way between the clutching members | 


of the a The parts are now in the position shown 
at Fig. 1. continuation of the pressure the ingot q is tilted 
up into position shown at Fig. 2, and on further continuing the 
pressure it falls over on the top of the plate c, the turning clutch p 
rising into the position shown at Fig. 3. On separating the cross- 
heads b and d, the counterbalanced plates c and the parts of the 
turning clutch resume their elgnal positions. (Accepted 


113,053. J. S. Atkinson, and Stein and Atkinson, 
Limited, Westminster. Stripping Ingots. (3 Figs.) 
June 6, 1917.—Relates to fluid-pressute apparatus for stripping 
ingots and consists in moving the stripping plunger up to the 
ingot by one or more pilot cylinders, and then stripping the ingot 
by the combined action of the pilot and main cylinders. Figs. 
1, 2 and 3 show an ——_ in which the mould 2 is supported 
on a framework 1, which also supports the working parts. The 
suction end of a pump 7, driven by an electromotor 8, is in 
communication, through a pipe 10, with a tank 9 containing a 
fluid, preferably oil or other thick fluid. The pump delivers this | 
fluid under pressure by a pipe 11 to a distributing valve 12 
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controlled by a hand lever. A safety valve 16 communicates | 
with the tank by a pipe 15, and the overflow from the valve 12 | 
returns Wy pipes 19, 20, to the tank or the suction side of the 

. To strip an ingot, the stripping plunger 6, carried by | 
a crossh 5, to which all the rams are connected, is moved up | 
to the ingot by admitting fluid to the two pilot cylinders 3, and 
then the stripping is effected by admitting fluid to the main | 
cylinder 4 also. The main cylinder communicates with the tank | 
through a pipe 21, and a non-return valve so that it is filled | 
as its ram moves forwards with the rams of the pilot cylinders | 
during their preparatory movement. The cylinders are all | 
single-acting, and their rams are returned by a weight 23 hung | 
on chains 24 attached to the crosshead 5. ) 


113,246. G. H. T. nee Abbeydale, Sheffield, and 
P. Rayner, Woodseats, Sheffield. Rock Drills. (5 Figs.) 


November 5, 1917.—The object of this invention is to provide | ( 


a simple and reliable rock-drill valve. The piston p is moved 
to the right under the pressure of air admitted at port a and | 
passing the valve disc v through the channel b formed in the port 


| 


th 44 Oa nm 


thijti! 


@, and the cylinder wall, to the main cylinder c. 
has just the exhaust port ¢, thereby 
¢ to come into direct communication with the at: 
reduction of pressure therefore takes 
hand sides of piston p and disc valve v, 
as the total pressure on its left-hand 
total pressure exerted on its right-hand side by air admitted 


| the packing round the single or double ring. 


through port b2, plus the pressure caused by the forward move- 
ment of the } age 1 yp compressing the air in the right-hand end 
of the cylinder after the exhaust port el has been passed, and 
forcing said air up the channel 561. As soon as the valve moves 
to the left, the ckennel b is shut off from communication with 
the inlet a and the channel 6! is in full communication with the 
inlet air from port 62. Live air _—_ through channel bl to the 
right-hand side of piston » and returns the same to the left. 
When the piston p has passed the exhaust port ¢ an exactly 
similar cycle of operations occurs in moving the valve to the right, 
to that just described. The valve » is formed as a simple disc 
of substantially greater diameter than thickness. The valve is 
steadied in its movement from side to side by a spring or springs s 
always under some compression. The springs s may be provided 
at one or both sides of the valve. (Accepted February 20, 1918.) 


MOTOR ROAD VEHICLES. 


113,179. C. T. B. Sangster, Birmingham. Vehicle 
Wheels. (9 Zigs.) April 4, 1917.—This invention relates to 
an all-metal disc-type wheel for motor vehicles in which one 
of the dises is built up from a series of wedge-shaped elements 
or sectors. The wheel comprises an inner disc a, which is per- 
manently fixed to the centre ¢c of the wheel, and an outer disc }, 
which is detachably mounted on the centre and is normally 
secured in position by a system of lateral bolts and other fasten- 
ings. The inner disc is built up of a number of pressed steel 
elements al, which have in plan the outline of a sector of a circle 
whose diameter corresponds to the diameter of the disc to be 
produced and the radial edges of each such sector or element 
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are formed with flanges a2, so that when the several sectors are 
brought together around the centre of the wheel to make up a 
complete disc, as shown, the flanges abut and provide double- 
thickness webs that run radially from the centre towards the 
periphery and project inward from the inner face thereof. These 
pairs of webs may be formed with longitudinal grooves, channels 
or corrugations a5 to increase their stiffness, the concaved sides 
of the grooves in each abutting pair of webs being opposed, or 
arranged so that they register and produce a hollow or tubular 
spokelike formation in the plane of the joint between the disc 
sectors, as clearly shown on an enlarged scale in Fig. 3. (Accepted 
February 20, 1918.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


113,219. W. R. Beldam, London. Packing. (2 Figs.) 
June 25, 1917.—This invention relates to packing for mye rods 
of the type known as semi-metallic packing, comprising metal 
elements which are in contact with the part to be packed and 
flexible packing material which fills the remainder of the box 
and spaces between the metal elements. The present invention 
is for a specific form of packing of this type, comprising a seg- 
mental metal ring A (or two placed side by side) to surround 
and fit the part to be packed and an outer wrapping B therefor 


of flexible packing material, characterised by the exterior of the 
ring being smooth and plain and the wrapping be’ in one 
continuous piece round the ring and extending beyond i 

end, so that it can come into contact with the part to be 

at such ends, and fills the remaining space between the metal 
ring and the stuffing-box at the sides and ends. The ring may be 
bevelled on both sides, or two rings may be employed, each 
bevelled on one side and put together with the non-bevelled faces 
in contact, so that the double exterior bevel — the flow of 
(Sealed.) 


TEXTILE MACHINERY. 


113,192. E. Hill, Beechcliffe, Keighley. Loom Dobbies. 
6 Figs.) April 27, 1917.—The invention relates to the type 
of dobby mechanism wherein reciprocating draw bars (or knivers) 
are made use of for actuating the catches, jack levers and conse- 
quently the healds. The reciprocating draw bars b are so con- 


ooks are of an appropriate configuration so 
e can be thereon. The cow 

the outer end of a connecting rod d t 

¢ to its operating lever f. (Accepted Fi 





